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Among the physical methods available for studying protein structures, CD stands out 
as a property that is easy to measure yet remarkably difficult to predict theoretically. The 
basic principle underlying the CD of polypeptides and proteins is reasonably understood: 
the mixing of electronic transitions of monomer groups in the context of a chiral 
environment of helices gives rise to transitions that are both electronically and 
magnetically allowed. Despite knowledge on the fundamentals of CD, accurate 
theoretical prediction is still a major challenge. A better theoretical understanding of 
protein CD would facilitate a fuller interpretation of protein CD experiments.  
Extensive theoretical studies have been conducted with some success to predict the 
CD spectra of polypeptides and proteins. One of such theoretical studies has been with 
the dipole interaction model, pioneered by J. Applequist. In this model, atoms and 
chromophores are considered to be point dipole oscillators that interact through mutually 
induced dipole moments in the presences of an electric field. The dipole interaction 
model has been assembled into a package (DInaMo) and used to successfully predict the 
far-UV CD of peptides and proteins. The major limitation of the method has been the 
neglect of the n-π* transition, and having to deal with a number of parameters, since no 
single parameter at the moment succeeds with all the different classes of proteins. 
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Herein, in an attempt to improve the far-UV protein CD prediction capability of 
DInaMo, a number of issues are addressed: (1) Will the predicted CD be improved if 
mean polarizability values are used? (2) Since excluding methyl hydrogens on the amino 
acid residues have been successful, what happens if methylene and methylidyne 
hydrogens are also excluded? (3) How will the predicted spectrum differ upon addition of 
the n-π* amide transition? To answer these questions, a cyclic peptide (cyclo-(Gly-Pro-
Gyl-D-Ala-Pro)) rebuilt with idealized bond angles and lengths, and a set of α-helical 
proteins obtained from the Protein Data Bank are energy minimized to adjust bond 
lengths and bond angles. The energy-minimized structures are then used to generate CD 
spectra with DInaMo. Mean polarizability parameters for methyl, methylene and 
methylidyne groups are developed and implemented on the cyclic peptide and protein. In 
addition, the effects of excluding methyl, methylene, and methylidyne hydrogens are 
investigated. Lastly, the n-π* transition is included in the predictions of α-helical proteins 
and peptides CD. Calculations using new mean polarizability parameters remove the need 
for different π-π* transition parameters and improve the CD results in lower RMSDs and 
better spectra morphology. Excluding more hydrogens improve results with larger protein. 
In addition, the n-π* transition parameters yield normal modes in the correct region and 






Circular Dichroism (CD) is the differential absorbance of left and right circularly 
polarized light by a chiral molecule.1 The phenomenon of optical activity was first 
described about two centuries ago when Pasteur manually sorted out two enantiomers of 
sodium ammonium para-tartrate crystals.2 These crystals were observed to be 
nonsuperimposable mirror images of each other, and rotated plane polarized light in 
equal but opposite directions. This led to the development of optical rotatory dispersion 
(ORD), which is a technique that measures the rotation of plane polarized light by a 
chiral molecule to differing degrees depending on the wavelength of light.3 ORD has 
been widely used to characterize small biological molecules. However, it has been 
superseded by CD spectroscopy for the study of macromolecules due primarily to the 
greater ease of interpretation of the resulting spectra, since the peaks in a CD spectrum 
corresponds to those in an absorbance spectrum of a molecule.3 
The phenomenon of chirality and non-superimposable identical pairs of objects is 
wide spread in nature. A common example is the pairs of human hands. In a similar 
manner, chirality exists at the molecular level. Chirality in a molecule may be brought 
about in a number of ways: either intrinsically by virtue of its structure, or by being 
covalently linked to a chiral center, or as a result of being placed in an asymmetric 
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  environment.1 In biological systems, it is often the asymmetry of the attached groups 
about a carbon atom that gives rise to chirality.3 All the standard amino acids that form 
peptides and proteins are chiral, except for glycine, which lacks an asymmetric α-carbon 
atom, since R = H for glycine (Figure 1). Since proteins and peptides are built from 
chiral units (Figure 1), they can easily be studied with CD spectroscopy. In some cases, 
induced chirality can be detected in small non chiral molecules (drugs) when they interact 
with chiral molecules (proteins and nucleic acids),3 thus allowing CD to be used in 
protein–drug binding studies.4 
!
Figure 1. Different Secondary Structures of Proteins and Peptides. α-Helix (blue), β-
sheet (red), and poly-L-proline helix II (green) built from the twenty standard amino 
acids, which differ only in their R groups. All twenty amino acids are chiral, but for 
glycine where $ = %. By virtue of the chirality of amino acids, peptides and proteins are 
therefore chiral. In addition, the secondary structural twist of peptides and proteins 
further enhances their chirality.  
Applications of CD Spectroscopy 
!
CD is an important structural biology technique used to study protein dynamics, and 
most especially the secondary structure of peptides and proteins.5 Other techniques such 
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as X-ray crystallography, nuclear magnetic resonance (NMR), and electron microscopy 
(EM) have also been used to study peptide and protein structures. Although X-ray 
crystallography provides details at the atomic level and is being used to provide the 
majority of accurate protein structure in the Protein Data Bank (PDB),6 it is only a static 
picture and does not provide information about protein dynamics. It allows visualization 
of only one conformation of the protein, and this conformation might not even be the 
natural conformation of the protein in solution.7 Also, it is not always easy to crystalize a 
protein (certain proteins, including integral membrane proteins, large macromolecular 
complexes, disordered proteins, and multi-domain proteins, are nearly impossible to 
crystallize).8 In addition, X-ray crystallography is time demanding: it takes several weeks 
or months to generate protein structural information; in situations where many hundreds 
of crystallization conditions need to be tested, it might take up to a year for a crystal to 
grow under some specific crystallization conditions.8  
Although the static image and difficulties of protein dynamics studies with X-ray 
crystallography can be solved with NMR spectroscopy, since the structure is determined 
in solution,9 NMR requires a high concentration and purity of protein sample: ideally, 2–
5 mM solution of an as  pure as possible protein is required. Unfortunately, many 
biological macromolecules aggregate at these concentrations10 making such desirable 
purity a major challenge. Again, a good number of proteins are not sufficiently soluble in 
solution: membrane proteins are a good example.5 More so, NMR protein structural 
determination is limited to proteins with molecular weights that are less than 30 kDa,11,12 
thus this excludes many multi-domain proteins from analyses. Larger structures (up to 30 
kDa) can be characterized with the aid of labels, but there are currently only few 
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structures above 25 kDa solved with NMR.8 In addition, the very high running, labeling, 
and installation costs, and the lack of automated assignment software makes NMR 
limited in protein studies.8  
Also, electron microscopy allows analysis of protein secondary structures. At a high 
resolution range, 6–9 Å, α-helices are resolved and at resolutions beyond 4.5 Å, β strands 
become visible.13 However, this technique is limited in that, a target density map needs to 
be developed, and cross-correlation is to be done to allow for a full interpretation of the 
protein structure.8 This might require other peptide sequencing techniques such as mass 
spectroscopy,8 thus making EM protein secondary structural studies cumbersome and 
time consuming. In addition, EM studies can only be done on solid-state samples because 
electrons interact strongly with matter, undesirable electron scattering by gas or liquid 
may result if samples are not studied in vacuum,13 so protein dynamics studies in solution 
cannot be conveniently done with EM.    
Though X-ray crystallography, NMR, and EM are the methods of choice for protein 
secondary structure studies (due to their high resolution), as reflected by their proportions 
in the Protein Data Bank (PDB),6 CD has some salient advantages over these methods. 
CD is a very rapid technique: far ultraviolet (UV) spectra can be obtained within 30 
minutes, a small sample amount is required, it is a non-destructive technique which 
allows multiple experiments to be conducted on the same sample, it includes solution 
measurements, and provides information on dynamics and structural fluctuations.1,3 In a 
nutshell, though the resolution of the information produced from a CD spectrum is 
limited when compared to other techniques such as X-ray crystallography and NMR 
spectroscopy, it is beneficial in structural biology studies, in part because it can examine 
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a protein in solution (as opposed to crystals). Samples can also be studied under 
physiological conditions as oppose to low pH/high concentration required for NMR 
spectroscopy.3  
CD is therefore an invaluable tool in structural biology studies and it has the potentials 
of being widely applicable in peptides, proteins and nucleic acid studies: CD can be used 
to test molecular modeling and structural integrity, for example, secondary structural 
information on a novel protein can be used to test tertiary structure models produced by 
homology, ab initio calculations or other techniques;3 CD can be used to examine a 
mutant protein with respect to the wild type to see if the mutation alters the overall fold 
and integrity of the protein.14 Protein-ligand and protein-drug binding can be studied with 
CD spectroscopy4 since binding of a ligand or drug to a protein often leads to a slight 
alteration in the secondary structural content;15,16 Nucleotide-drug binding studies for 
anti-tumor drugs has also been done with CD.17  
CD applications have been widely increased with the advent of synchrotron light 
sources, which has lead to the development of synchrotron radiation circular dichroism 
(SRCD). SRCD extends the limits of conventional CD spectroscopy by broadening the 
spectral range to lower wavelengths, increasing the signal-to-noise ratio (thus resulting in 
smaller sample requirement), and accelerating the data acquisition, in the presence of 
absorbing components (buffers and salts).18 In addition, SRCD is sensitive to different 
kinds of protein folds;18 it is able to detect protein-protein interactions;19 and allows for a 
significantly expanded secondary structure analysis.20 SRCD data is made available in the 
Protein Circular Dichroism Data Bank (PCDDB)21 and can be used to evaluate and test 
theoretical CD calculations for proteins. 
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CD Spectra of Peptides and Proteins 
!
A CD signal is produced when an electron in a chromophore (any virtually self-
contained functional group to which specific electronic transitions can be attributed) is 
promoted from a ground state to an excited state.3 The CD spectrum of proteins can be 
divided into three regions, each of which is dominated by a different type of 
chromophore and provides different kinds of information.22 
The far UV region ranges from 250 nm to ~170 nm, and the dominant chromophore in 
this region is the amide group. The CD in this region is largely determined by the 
secondary structure of the protein. In the near UV (250 nm to 300 nm), CD is dominated 
by aromatic side chains and provides information about tertiary structure of proteins. In 
the visible and near infrared (IR) region (300 nm to ~1000 nm), CD is observed only in 
proteins that have chromophoric prosthetic groups or other bound chromophores with 
absorption bands in this region.22 Thus this region is useful for monitoring ligand binding 
and ligand conformation. 
For proteins and peptides, the amide group represents the principal chromophore of 
interest in the far-UV region. In this region, the key electronic transitions are from the π 
to π* and the n to π* orbitals (Figure 2).3 The latter accounts for the CD peak at ~220 nm 
while the former accounts for the peaks at ~190 nm.22 Calculations on a dipeptide23,24 has 
shown that charge transfer transitions from either the oxygen lone pair or the nonbonding 
π orbital on one amide group to the π* orbital on a neighboring amide group occurs 
between 120 and 175 nm.25 Although charge transfer transitions have been attributed to 
the band at 165 nm,26 its interaction with the amide transition can affect the intensities 
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and positions of the bands in the far UV region. Aromatic amino acids (especially 
tryptophan) have also been shown to slightly alter the far UV CD spectra of some 
proteins.27 
!
Figure 2. Electronic Transitions of the Amide Group in the FAR-UV Region. The 
molecular orbitals shown are the bonding, nonbonding, and antibonding π orbitals (πb, 
πnb, and π*) and two lone pairs of electrons on the oxygen atom (n and n’). Charge 
transfer transitions (from either the oxygen lone pair or the nonbonding π orbital on one 
amide group to the π* orbital on a neighboring amide group) may interact with the amide 
transitions and significantly alter the intensities and positions of the bands in the far UV 
region.  
 
The different forms of secondary structures found in peptides and proteins exhibit 
distinct far-UV CD spectra (Figure 3). The α-helix was the first secondary structure to be 
characterized by CD.28 An α-helix protein or peptide typically has three bands in the far 
UV CD spectrum (Figure 3). The negative band at 222 nm is assigned to the n-π* 
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transition,29,30 while the positive band at ~190nm and the negative band at ~207 nm are 
both attributed to the π-π* transition, resulting from exciton coupling31 among the π-π* 
transition moment.  The 207 nm band is polarized along the helix axis while the 190 nm 
band is polarized in the plane perpendicular to the axis.22 
The 310-heix is similar to α-helix, but for the fact that it is more tightly twisted than α-
helix. In addition, unlike the a-helix, 310-heix is not stabilized by hydrogen bonding.32 
Statistical analysis from X-ray diffraction structure of globular proteins shows that the 
majority of 310-helices are short (mean length of 3.3 residues) and a significant 
percentage of 310-helices occur as an N or C terminal extension to an α-helix.33 The 
standard 310-helix spectrum is characterized by a positive band near 190 nm, a negative 
Cotton effect at 207 nm accompanied by a negative shoulder centered near 222 nm.32 
The CD spectrum of β-sheets is characterized by a negative band at ~217 nm 
(attributed to the π-π* transition), a positive band with a low intensity than that of the α-
helix at ~195 nm, and a negative band near 175 nm34 (Figure 3). The latter two bands are 
attributed to the exciton splitting of the π-π* transition. Due to the inherent variability of 
β-sheets (parallel, antiparallel or mixed; extend of twist in each sheet; and number and 
length of strands), the CD spectrum of β-sheets shows much more variation in absolute 
magnitude and in relative magnitudes of the bands than α-helix.22 However, the CD of 
parallel and antiparallel β-sheets are similar.35 Also, because the α-helix spectrum is 
much more intense than the β-sheet spectrum, proteins with significant amounts of both 
secondary structures generally show the qualitative features of an α-helix22 (Figure 3; 
ribonuclease A is a 21:33 α/β protein). 
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Another protein secondary structure element is β-turns. A good number of β-turns 
have been described by Venkatachalam,36 and the CD spectra of the two most common 
types (types I and II) have been predicted to have a β-sheet-like characteristic with bands 
red-shifted by 5 to 10 nm.37 In contrast to theoretical predictions, experimental studies 
show an α-helix-like spectrum for type I turns.38 
Also, poly(L-Pro) helices and the collagen triple helix is another important class of 
secondary structures in peptides and proteins. Amide bonds in tertiary amides have a 
tendency to exist in either the trans or cis conformation.32 Pro-Pro bonds generally adopt 
the trans conformation, but, in some instances (short peptides or syndiotactic sequences), 
a cis conformation does occur.32 Poly (L-Pro) is dimorphic in that, under appropriate 
experimental conditions, the “all-trans” peptide bond conformation (type II, PII) may 
exhibit a transition to the “all-cis” peptide bond conformation (type I, PI).39 The most 
widespread fibrous protein (collagen) consists of a triple helical coil in which each of the 
strands has a left-handed PII helical conformation.32 The PII spectrum is very non-
conservative and is characterized by a weak positive n-π* band at 226 nm and a strong 
negative π-π* band at 206 nm.32 Since poly (L-Pro) contains tertiary amides, the 
transitions for the n-π* and the π-π* transitions are shifted to longer wavelengths (~10 nm 
red-shift for both transitions). 
Most small peptides exist in aqueous solutions as an ensemble of conformers, rather 
than having a well-defined conformation. Such peptides are called unordered, and they 
have a characteristic CD spectrum with a strong negative band near 197 nm and a weak 
positive band at ~220nm.40 This spectrum bears a strong resemblance to that of poly(Pro) 
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II.41 This thus suggests that, unordered polypeptides might have a significant amount of 
the poly(Pro) II conformation. 
!
Figure 3. CD Spectra of Proteins with Mostly !"Helical (Myoglobin), Mostly #"sheet 
(Concanavalin A), and Mostly Poly(Pro)-II (Collagen) Type Structures. An α-helical protein 
(e.g., myoglobin) typically has three bands in the far UV CD spectrum: the positive band at ~190 
nm and the negative band at ~207 nm are both attributed to the π-π* transition, while the CD 
negative band at 222 nm is assigned to the n-π* transition. β-Sheet proteins (e.g., concanavalin A) 
are characterized by a positive band at ~195 nm, and a negative band near ~217 nm both of which 
are of lower intensity than that of α-helical proteins. Since the α-helix spectrum is much more 
intense than the β-sheet spectrum, proteins with significant amounts of both secondary structures 
(e.g., ribonuclease A with a 22:33 α/β content) generally show the qualitative features of an α-
helix. The collagen spectrum is typical of proteins with a high poly(pro)-II structural content, and 
is characterized by a strong negative peak at ~200 nm and a weak positive band at ~220 nm. 
These spectra data a gotten from the PCDDB with IDs CD0000048000,42 CD0000020000,42 
CD000455400043, and CD000006300042 respectively for sperm whale myoglobin, concanavalin 
A, bovine collagen type II (this spectrum was chosen over the others available spectra in the 
PCDDB because it is among the most recently published and the experiment was done at a 
wavelength interval of 1 nm), and ribonuclease A.  
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Secondary Structural Analysis with CD 
!
The CD spectra of proteins frequently show the characteristics of the dominant 
secondary structural elements (Figure 3) in the given protein. A basic assumption in 
secondary structure analysis by CD is that the spectrum is a linear combination of 




where &' is the observed CD at wavelength λ, () is the fraction of secondary structure i, 
and *)' is the CD of the secondary structure i at wavelength λ.
22 
Secondary structure spectra and secondary structure fractions can generally be 
evaluated by two general methods.44 The first uses standard model polypeptide structures 
that have been determined by X-ray crystallography or by IR spectroscopy.45,46 This 
method is limited in that the model system consists of long and regular helices and 
strands which differ significantly from the relatively short and irregular secondary 
structure elements that occur in globular proteins.22 The second method uses protein 
spectra that have been characterized by X-ray crystallography as standards. These are 
then compared to the spectra of unknown proteins using least square analysis,47-49 ridge 
regression,50 singular value deposition51-54 and self-consistent method55-57 or neural 
network analysis.58,59 Many different algorithms have been developed for protein 
secondary structure determination from CD spectra.44 Some of these include: SELCON,55 
LINCOMB,60 CONTIN,50 K2D,59 CDsstr,54 and SELMAT3.61 These algorithms have 
been successful in determining the α-helical content of proteins. However, most of these 
methods often fail to provide acceptable results on α/β mixed or β-structure rich proteins 
since there is a huge structural diversity of β-structure proteins.62 Greenfield has 
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recommended LINCOMB, K2D and CONTIN for more accurate analyses of β-rich 
proteins such as fibrous proteins, amyloids and membrane proteins.44 A more recent 
method, β-structure selection (BeStSel)62 has been developed for the secondary structure 
estimation of β-rich proteins. This method reliably distinguishes parallel and antiparallel 
β-sheets and accurately estimates the secondary structure of a broad range of proteins. 
The larger the number of reference spectra used in an algorithm, the better the results.44 
So, CD analysis programs such as CDpro,63 Dicroweb64 and DICROPROT65 make use of 
a combination of CD analysis algorithms, for example, CDpro contains SELCON, 
CONTIN, CONTILL, and CDsstr. Therefore, there is an increasing need to develop new 
CD analysis algorithms with a new variety of reference protein spectra.  
Theoretical Approaches to Electronic CD 
!
Experimental CD makes use of the differential absorbance of left and right circularly 
polarized light by a chiral molecule to generate a spectrum that is reflective of the 
secondary structural elements and the chromophores present in the structure of interest. A 
number of theoretical methods are currently being used to predict the electronic CD of 
peptides and proteins. Theoretical CD is important in that it can enhance the 
interpretation of experimental CD, rapidly assist in the determination of favorable 
solution conformations important for biological functions, and predict the CD spectra of 
peptides and proteins.66 Quantum mechanics and classical electromagnetic theories are 
currently used to predict the CD spectra of peptides and proteins. 
The onset of quantum mechanical calculations in CD studies dates back to 1928 when 
Resenfeld67 developed an equation (eq 2)68 from Born’s69 theory to calculate rotational 
strength (the quantity that describes CD). 
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+,- = ./ 0, 1 0- 2. 0- 4 0,  (2) 
 0, and 0- are the corresponding wavefunctions of the ground state, 0, and excited state, 
a.68 Rotational strength, +,-, is the imaginary part of the scalar product of the electric and 
magnetic transition moments (whose operators are given as 1 , and 4  respectively) 
between the ground and the excited state.  
A molecule is typically made up of nuclei and electrons that populate the molecular 
orbitals. Upon perturbation by light, electrons are excited to orbitals of higher energy, and 
this changes the structure of the orbitals. Wavefunctions describe the molecular orbitals 
of the system, which in turn represents a certain state of the molecule.70 The 
wavefunction, therefore, contains information about the position and spins of all nuclei 
and electrons, and once the wavefunction is known, all measurable quantities on the 
system can be calculated by evaluating different operators on the wavefunction.70 In 
quantum mechanics studies, for a given protein of interest, it is therefore possible to 
create equations for its wavefunctions, 05 , by considering its chromophores and 
electronic states. Solving the time-independent Schrödinger equation using these 
wavefunctions yields the energies, 65, of each electronic excited state.70  
705 = 6505 (3) 
Different quantum chemical methods have been used to obtain these wavefunctions. 
The available methods differ in accuracy and on the computational cost. The choice 
generally depends on the size of the system and on the time and computer power 
available for the calculation.68 Quantum mechanics methods can broadly be classified 
into two groups; based on whether the molecule is treated as a single unit or divided into 
interacting subsystems. Tinoco’s method71 and the matrix method72 belong to the latter 
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class. Methods belonging to the first category may be further classified by the manner in 
which one and two-electron integrals are treated and by the way the electron correlation 
is taken into account.68 
In ab initio methods,73 all integrals are calculated exactly and the electron correlation 
is taken into account explicitly by including higher excited configuration in which at least 
two electrons have been raised from occupied into virtual molecular orbitals. This 
method provides the highest accuracy but also requires the largest computational effort.68 
As a result, even with the advent of current super computers, it is still a major challenge 
to calculate the CD of whole proteins ab initio. However, ab initio calculations have been 
used to develop parameters for some chromophores that are used in the matrix method. 
The electronic spectrum of N-methylacetamide, NMA, (a model compound representing 
a single peptide bond) has been calculated74 using complete-active space self-consistent-
field method75 implemented with a self-consistent reaction field (CASSCF/SRCF)76 and 
combined with multi-configuration second-order-perturbation theory (CASPT2-RT).77 In 
addition, parameter sets for the aromatic side chain transitions of phenylalanine, tyrosine, 
and tryptophan have been calculated ab initio and implemented with the matrix method.78 
Similar to ab initio methods, density function theory (DFT)79 makes use of the entire 
integrals exactly, but the correlation energy is estimated from the electron density by 
means of a density functional.68 This method has been used to predict the CD spectra of 
some molecules such as bicyclic ketones, norcamphor, camphor, and fenchone.80 Though 
DFT is more computationally cost effective than ab initio calculations, it is also very 
challenging to use for the calculation of entire protein CD. Even the more recent TD-
DFT81 that allows for the calculations of excited states of molecules containing tens of 
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thousands of heavy atoms, has not been successful in treating large systems like an entire 
protein.27 
In semiempirical methods, the computational cost is drastically reduced by neglecting 
many of the one-electron and most of the two-electron integrals and evaluating the 
remaining integrals in an approximate manner by using parametric formulas.68 This 
reduces the computational demand by about three orders of magnitude when compared to 
ab initio calculations.68 In a bid to include dynamic fluctuations of protein structures in 
theoretical calculations, recent studies combining molecular dynamics and semiempirical 
methods have been used to predict the CD of proteins.82 
Though one might desire to use direct matrix methods (ab initio and TD-DFT) for CD 
predictions of peptides and proteins, it is currently extremely challenging for such large 
systems. As such, theoreticians have resorted to approximate methods (matrix method 
and dipole interaction model) to predict the CD of peptides and proteins.  
Tinoco developed an earlier version of CD calculation with the matrix method that 
involved perturbation theory in 1962.71 This method was however quickly superseded by 
a more accurate and computationally cost efficient method: the matrix method.72 In the 
matrix method, a protein is considered to consist of M chromophoric groups which 
initially do not interact with each other, such that an electron localized on an individual 
group may only be excited to a higher energetic state of the same chromophore. Since the 
excitations are interactions between different states, each of the states needs to be 
described separately.70 The wavefunction of state k of a protein with M chromophores 
and ni states on the respective groups is considered as the sum of electronic 











5  are expansion coefficients, which accounts for either constructive (in-phase) or 
destructive (out-of-phase) interaction of states. 8)- are electronic configurations that are 
products of wavefunctions of the single chromophore when only one chromophore i, is 
allowed to be in an excited state a.70 
Using the Hamiltonian Ĥ, which is a sum of the local Hamiltonians, Ĥi, of each of the 
chromophores, the Schrödinger equation can be solved to get the energies, 65, of each 











The interaction terms between the groups (which is the actual cause of the dependency 
of protein CD spectra on the secondary structure) are generally assumed to be 
electrostatic in nature and the terms Vij are integrals of charge densities over the whole 
system.70 To make the calculations less cumbersome, a monopole-monopole 
approximation is used for the charge densities. The permanent and transition charge 
densities are approximated by point charges and the integrals can be replaced by a sum of 












Ns and Nt are the number of monopole charges, q, on the chromophores i and j.70 
To calculated the excitation energies and wavefunction coefficients, &)-5 , it is 
convenient to convert eq 5 into a matrix formalism.70 Diagonalization of the matrix via a 
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unitary transformation gives the transition energies of the interacting system (diagonal 
elements of the new matrix). The unitary matrix transformation makes use of a matrix U, 
which contains the expansion coefficients, &)-5 . With this U matrix, the initial electric 
transition dipole moments, Q-,, and the magnetic transition dipole moments, /-, , of the 










The imaginary part of the scalar product o the magnetic and electric dipole moment of the 
entire protein gives the rotational strength of a particular wavelength, from which the CD 
of the entire protein can be calculated.  
The matrix method has been used to predict the CD of a wide variety of proteins.83,84 It 
has also been implemented in a number of computer programs and used for peptide and 
protein CD predictions. Some of these packages include: MATMAC,85 PROTEIN,86 and 
DICHROCAL.83 A major advantage of the matrix method for CD predictions is its ability 
to treat multiple transitions such as the charge transfer transition, the amide π-π* and n-π* 
transitions, and the aromatic chromophores such as phenylalanine and tryptophan. 
However, the matrix method is limited in its inability to include all the nonchromophoric 
atoms in the calculations, this means some side chains (e.g., proline) may be neglected 
which could have consequences for non α-helical structures such as poly-L-proline II,87 
as a result, quantum mechanical calculations have not succeeded in accounting for the 
CD spectrum of poly(L-Pro) in the PII conformation.88 On the contrary, the classical 
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electromagnetic based dipole interaction model gives reasonable results for the poly-L-
proline II CD prediction.89 
The dipole interaction model is a classical electromagnetic theory for calculating the 
far UV CD of peptides and proteins. In the dipole interaction model (developed by 
Applequist90,91 from DeVoe’s theory92,93), each amide chromophore is  characterized as a 
point with anisotropic polarizability centered at or near the midpoint of the NC bond; 
while the rest of the molecule (non-chromophoric portion) is characterized by isotropic 
polarizabilities.94,95 The dipole interaction model is well parameterized to predict the far-
UV electric dipole allowed amide π-π* transitions. The amide π-π* transition is 
empirically derived from the anisotropies, molar Kerr constants, polarizabilities and polar 
angles of small amides including: formamide, acetamide, N-methylformamide, N-
methylacetamide, N,N-dimethylformamide, N,N-dimethylacetamide, trifluoroacetamide, 
trichloroacetamide, tribromoacetamide, N-methyltrifluoroacetamide, N-
methyltrichloroacetamide, and N-methyltribromoacetamide.94,96 The atomic 
polarizabilities for nonchromophoric elements (C (aliphatic), O (alcohol), and H 
(aliphatic or alcohol or amide)) are obtained experimentally from least squares fitting to 
molecular polarizabilities of small organic molecules determined at the NaD line (589.3 
nm).90,91,94 Interactions among the chromophoric and nonchromophoric parts of the 
molecule produces rotational and dipole strengths that are used to calculate CD. The 
dipole interaction model has been used to successfully predict the CD of β-sheets,97 β-
turns,98a α-helices,99 and β-peptides,100 and small proteins like erabutoxin, myoglobin, 
cytochrome c, prealbumin, papain and ribonuclease A.66 The dipole interaction model is 
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also the only method that has been used to successfully predict the π-π* CD for both 
forms of poly-L-proline89 and collagen.101 
 More recently, the dipole interaction model has been assembled into a package, 
DInaMo, and used to predict the far UV π-π* CD of 24 proteins that included all the 
secondary structural classes of proteins (α-helical, β-sheets, α/β proteins and others).96 
The package is very successful in predicting the far-UV CD π-π* transition of proteins, 
replicating the peak positions, intensity and morphology very closely. Despite the great 
promise and success of CD predictions with the classical dipole interaction model, 
hitherto, there has been no publicly available software/website for protein CD prediction 
with this method as has been done with quantum methods. The major limitation of the 
method has been the neglect of the n-π* transition. In a bid to improve protein CD 
prediction with the dipole interaction model and create a strong bases for the 
development of a public software/website for protein CD predictions with the classical 
method, herein, initial parameters including the n-π* transition, are incorporated with 
DInaMo, and new mean polarizabilities for the CH3, CH2, and CH groups are calculated 





DIPOLE INTERACTION MODEL THEORY 
!
 Prior to 1970, it was thought that the polarizability of a molecule was simply a sum of 
the polarizabilities of its constituent parts.102 This view was based on the finding that 
molar refraction, which is proportional to molecular polarizability, is an additive property. 
Thus extensive tables on additive atom polarizabilities were developed102,103 and used in 
the predictions of optical properties, such as absorption bands and molecular 
polarizability tensors. However, earlier criticism of the additivity hypothesis104 and the 
failure of certain optical rotation calculations105 with additive atom polarizability led 
Applequist-Carl-Fung90 to develop a means of calculating atom mean polarizability from 
DeVoe’s92,93 classical theory, which they called the dipole interaction model. 
 The dipole interaction model makes use of molecular polarizabilities in optical 
rotation calculations.90,106 In this model, a molecule is considered to consist of N units. In 
the presence of light, these units (which may be an atom, a group of atoms, or a 
molecule) interact with each other through their induced electric dipole moments.  A 
given unit i, located at position ri with polarizability αi, has an induced dipole moment µi, 
due to the electric field Ei, resulting from the light wave (eq 1)90,106 
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(2) 
r is the distance between the two dipoles and x, y, and z are the components of the vector 
linking the two dipoles in a Cartesian coordinate system fixed with respect to the 
molecule.90 







Equation 390 is a system of N matrix equations equivalent to the single matrix 
equation  
^>
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Equation 490 can briefly be written as 
`1 = T (5) 
where ` is the 3ax3asquare interaction matrix containing the coefficients in eq 4, 1 is a 
column vector of the moments µi, and T is a column vector of the fields Ei.  
The solution to eq 5 is, 
1 = cT (6) 
where c = `C>.90,106 The optical property of the molecule is gotten from the coefficients 





In the dipole interaction model, a molecule is regarded as a rigid arrangement of N 
units, with each unit having a polarizability located at a point.90 In a molecule, these units 
are considered to be the atoms that make up the molecule, with their polarizabilities 
located at the nuclei. The induced dipole moment at a given atom (unit i) calculated from 






Assuming the molecule is in a uniformly applied field such that TA = T for all j, then 






The effective polarizability of unit i is given by the coefficient of E in eq 8.90 The 




















Diagonalization of S;de yields the three components of the polarizability α1, α2 and 








The mean molecular polarizability of the molecule of interest is given as  
S;de =






 Unit i contains a number of dipole oscillators (indexed, is), with polarizability αis 
along unit vector uis.106 Optical absorption and dispersion phenomena are easily 
expressed in terms of normal modes of the system of coupled dipole oscillators.106,108 
Assuming the dispersion of the isolated oscillator is Lorentzian, a Lorentzian function 





Z − hZ + mnh
 (13) 
k)K  is a constant related to the dipole strength, and h  is the vacuum wavenumber of 
light.106 The solution to eq 5 reduces to an eigenvalue problem in which the eigenvalues 
of `o (the A matrix at h = 0) are a set of squares of normal mode wavenumbers h5Z and 
the normalized eigenvectors t(k) are column vectors whose components are the relative 
amplitudes of the dipole moments of the oscillators.106 Relative amplitudes of the electric 
dipole moment µ(k) and magnetic dipole moment m(k) for the system in the k-th normal 










where the summations are over both dispersive and nondispersive oscillators and ri is the 
position of unit i. 
Dipole strength k5and rotational strength +5  associated with the k-th normal mode 
are given as106 
k5 = 1




Partially Dispersive Approximation 
!
 Given that any of the natural wavenumbers h)K  is far above the spectral region of 
interest, the corresponding oscillators are approximately nondispersive. The `o  matrix 







 `>>o  contains the coefficients relating the dispersive oscillators to each other (the 
chromophoric part of the system), `ZZo  contains the nondispersive oscillators (the 
nonchromophoric part of the system), and `>Z and `Z> contain the interactions between 
the two subsystems.106,108 The normal modes in the spectral region of interest (e.g. far UV 
for proteins) are given by the matrix106 
`>>
o − `>Z(`ZZ
o )C]`Z> (19) 
 This implies that the order of the eigenvalue problem is smaller than that of the full A 
matrix.106 This is substantially advantageous to systems (proteins in our case) with only a 
few dispersive oscillators (amide groups) and many nondispersive oscillators (all other 
atoms in the protein excluding the amide group) since it provides computational 
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efficiency.106 Furthermore, an initial attempt to reduce the size of the matrix by ignoring 
the hydrogens attached to the methyl (CH3) groups has been done.96 This is a logical 
approximation since the polarizability value of hydrogen is small compared to that of 
carbon (Table 1). Alternatively, a better approximation might be to use a mean 
polarizability value for the methyl (CH3), Methylene (CH2), and methylidyne (CH) 
groups (Table 1); this reduces the number of nondispersive units for each methyl group 
from 4 (1 carbon plus 3 hydrogens) to 1, and that of the methylene group from 3 to 1, 
while that of each methylidyne group is reduced from 2 to 1.  
Table 1. Dipole Interaction Model Atomic Polarizability Values 
 Atom Polarizability (Å3) 
Parameter Aliphatic Carbon Aliphatic Hydrogen Amide Hydrogen 
OL 0.878 0.135 0.161 
Hs &Js 0.777 0.172 0.149 
Mean Molecular Polarizability 




Three different parameter sets are used in DInaMo/CDCALC:96 OL, original parameter 
set developed with polarizability values from Applequist, Carl, and Fung’s 197290 dipole 
interaction model; Hs, α-helical parameters, and Js, Poly-L-proline II parameters are 
created for proteins. The Hs and Js polarizability values are from Bode and Applequist’s 




Amide Transition Parameters 
!
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In the dipole interaction model, atoms are assumed to have isotropic polarizabilities 
while chromophoric groups such as the NC’O group in proteins are considered to have 
anisotropic polarizabilities consisting of dispersive contributions from electronic 
transitions on the spectral range of interest and nondispersive contributions from higher 
energy transitions.94 
!
Figure 4. Amide Transition Parameters. The NC’ bond center is located at the origin of 
the coordinate system. The ellipse represents the NC’O polarizability, which is centered 
at (∆x,∆y). ϕ and uv are the polar angles of the αA,1 axis and the π-π* transition moment, 
respectively.  
 
For the most part, the π-π* transition on the amide chromophore is treated as a 
dispersive oscillator with a Lorentzian dependence on wavenumber h, while all other 
higher energy NC’O transitions make up the nondispersive core polarizability Sw.
91,94 
The total polarizability Sw of the NC’O group is the sum of these contributions:
94 
Sw = Sw + k,l,l, h,
Z − hZ + mnh C> (20) 
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k, is the dipole strength, l,2is the transition moment unit vector rotated from the NC’ 
bond by an angle x, shown on Figure 4, h,22is the natural frequency in wavenumbers, and 
Γ is the half-peak bandwidth of the π-π* transition.94 
The n-π* amide transition is parametized in a similar manner as the π-π* transition. In 
the DInaMo/CDCALC parametization of both the n-π* and π-π* amide transitions, the 
polarizability of the NC’O group is located at one of three locations: either at the center 
of the N-C bond (o), shifted 0.1 Å towards the carbonyl carbon (x), or shifted 0.1 Å 
normal to the N-C bond from the center into the NC’O plane toward the carbonyl O (y) 
(Figure 5). 
!
Figure 5. Location of Point Anisotropic Polarizability of the Amide Chromophore. The 
points are the center of the N-C bond (o), shifted 0.1 Å towards the carbonyl carbon (x), 
or shifted 0.1 Å normal to the N-C bond from the center into the NCO plane toward the 
carbonyl O (y). 
Table 2 shows the π-π* and n-π* amide transition parameters that go into the 
DInaMo/CDCALC calculations. For the n-π* amide transition, initial parametization is 
done with both Applequist and Ito parameters.110,111 
Table 2. Amide Transition Parameters 
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∆x∆y is the point location in angstroms of the NC’O group, (d is the oscillator strength, 
y, is wavelength, α is the dispersive polarizability of the amide chromophore and x, are 
the polar angles of the αA,1 axis and the π-π* transition moment, respectively (Figure 2.0). 
J. Applequist assisted with the initial guess for the n-π* transition parameters through 




 Circular dichroism Δε at each wavenumber h  is calculated as sums over the 











NA is Avogadro’s number, Γ is the half-peak bandwidth (two bandwidths were used for 
our calculation: 4,000 and 6,000 cm-1). The former gives narrow band shapes with higher 
intensities, while the latter gives broad band shapes with lower intensities. +5  is the 
rotational strength (defined in eq 17), and p is the number of peptide residues. q is the 
number of dispersive oscillators in the protein. For the π-π* transition, q equals Ä − 1 for 




∆x∆y (d  y, (nm) x, (
o) ^2(Åg) 
Hy (0.0,0.1) 0.149 173.6 9.30 0.3193 
Hx (0.1,0.0) 0.167 172.9 11.60 0.3579 
Ho (0.0,0.0) 0.157 172.0 10.90 0.3364 
Jy (0.0,0.1) 0.165 177.7 20.00 0.3536 
Jx (0.1,0.0) 0.158 178.4 20.00 0.3386 
Jo (0.0,0.0) 0.152 176.7 20.00 0.3257 
OL (0.0,0.0) 0.196 170.3 21.50 0.4200 
n-π* 
Applequist Hy, Hx, Ho, 
Jy, Jx, Jo, OL   
 
0.0025 222.0 19.96 0.0054 
Ito Hy, Hx, Ho, 
Jy, Jx, Jo, OL  
0.019 222.0 108.00 0.0089 
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transition.94 Similarly, there is only one dispersive oscillator for each amide n-π* amide 









 Earlier absorption and circular dichroism studies of α-helical polypeptides with the 
dipole interaction model found the effect of methyl side chains to be small, such that a 
methyl side chain could be substituted with a hydrogen without any significant change in 
results.91 More recently, ignoring methyl hydrogens on amino acid residues have been 
explored with DInaMo/CDCALC, and it has proven to be very successful.96 Furthermore, 
CD predictions with globular proteins using the dipole interaction model revealed that 
close contacts of side chain atoms from neighboring fragments or within tight turns 
usually occur.66 This often leads to artifacts indicated by negative eigenvalues or the 
occurrence of normal modes at wavelengths longer than 215 nm for calculations with the 
π-π* amide transition, or normal modes at wavelengths longer than 230 nm for 
calculations with both the π-π* and n-π* amide transition. A program failure (indicated 
by a nonpositive-definite interaction matrix of the nondispersive subsystem) may also 
occur. Bode and Applequist66 recommended that such close contacts could often be 
relieved by replacing a methyl group with an isotropic methyl mean polarizability (2.164 
Å3). It is therefore worth experimenting not only with methyl mean polarizability, but 
also with methylene and methylidyne mean polarizability. 
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Mean Polarizability Calculations 
!
 Thole’s modified dipole field tensor eq 22107 was used in the place of Applequist-Carl-
Fung’s dipole fields tensor90 (eq 2) to calculate the mean molecular polarizability of the 
methyl, methylene and methylidyne groups 
V)A = M)A







where I is the unit tensor, rij is the distance between atoms i and j, and x, y, and z are the 
Cartesian components of the vector connecting the atoms i and j.  
 The mean molecular polarizability calculation was done with MATLAB, (The 
MathWorks Inc., Natick, MA, 2014). A simplistic outline of the MATLAB algorithm is 
shown on Figure 6. Appendix E shows a sample script used for the methyl group 
polarizability calculation. The calculated mean molecular polarizability of the methyl, 
methylene, and methylidyne groups are shown on Table 1. In comparison, a mean 
molecular polarizability value of 2.222 Å3 has been reported112 for methyl group. This 
value was calculated using segmental analysis of molecular surface electrostatic potential, 
that represents a molecule as fused atomic spheres with adjustable radii that are varied 
iteratively until the overall surface is arbitrarily close to the 0.001 electrons/bohr3. This 
surface is divided into desired segments and Gaussian 98113 used to compute the HF/ 6-
31G*//HF/STO-3G* .K M , (average local ionization energy) on the surface of each 
group.112 A methyl mean polarizability value of 2.164 has also been reported with the 
dipole interaction model66 while methylene and methylidyne mean polarizability values 
were not found in literature.  
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Figure 6. Mean Molecular Calculation Schematic Outline. 
Molecular Selection and Energy Minimization 
!
 Protein structures obtained from the Protein Data Bank (PDB)6 were energy 
minimized with NAMD,114 which makes use of CHARMM 22115 force field. Each PBD 
file studied was chosen for three reasons: (1) The proteins chosen were CATH16 
classified as mainly α-helical, and the monomeric unit or heteromeric units that constitute 
the protein had no more than 300 amino acid residues; a memory allocation problem was 
encountered for proteins with more than 300 amino acid residues. (2) All PDB structures 
were high-resolution crystal structures with R factors of less than 3.0 Å.  (3) All proteins 
had an available synchrotron radiation circular dichroism (SRCD) spectrum in the Protein 
Circular Dichroism Data Bank (PCDDB).21 The minimization of the selected protein files 
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was necessary to tweak the internal coordinates so that the structure could be used with 
the dipole interaction model.96 The protein circular dichroism package 
DInaMo/CDCALC96 (a program developed by Uporov et al. 2015) requires significant 
energy minimization to adjust bond lengths and bond angles in the crystal structures. It is 
common for crystal structure geometries to have slightly short bond lengths,116 such that 
they cannot be used directly with the dipole interaction model. Each protein was 
minimized in vacuum for either 5,000 or 10,000 conjugate gradient steps depending on 
the size of the protein: 5,000 steps for small proteins (less than 150 amino acid residues) 
and 10,000 steps for larger proteins (greater than 150 amino acid residue but less than 
300). The largest proteins studied, hemoglobin and bacteriorhodopsin, were minimized 
for 30,000 steps.  
For the peptide, model structures of cyclo-(Gly-Pro-Gly-D-Ala-Pro) were built with 
Insight®II/Discover (San Diego, CA, USA) using crystal structural117 and NMR 
structural118 coordinates, and energy minimized using AMBER force field119 in either 
implicit water solvent or in vacuum with 1,000 conjugate gradient steps. These structures 
were further minimized with CHARMM22 force field115 in NAMD using 10,000 
conjugate gradient steps. 
CDCALC Computational Methods 
!
 Cartesian coordinates generated with NAMD minimized protein structures were used 
to calculate the π-π* and n-π* CD spectra of proteins. Currently, DInaMo/CDCALC 
treats only aliphatic amino acids (alanine, valine, proline, glycine, leucine, and isoleucine 
in their entirety); all other amino acids are truncated to alanine. Typically, alanine is 
chosen because it can be initially approximated from the current side chain and will not 
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introduce strain onto the backbone.96 The nonchromophoric atoms of the protein were 
treated in six different ways: (1) the methyl (CH3) hydrogens were deleted prior to 
calculation. (2) Both the methyl and methylene (CH2) hydrogens were deleted. (3) All the 
methyl, methylene and methylidyne (CH) hydrogens were deleted leaving only amide 
hydrogens. (4) Methyl mean polarizability parameter implemented. (5) Methyl and 
methylene mean polarizability parameter implemented. (6) Methyl, methylene, and 
methylidyne mean polarizability parameter implemented.  
 As stated in the theory section (Chapter 2), the chromophoric amides were reduced to 
a single point located along the N-C bond. The point anisotropic polarizability of the 
amide chromophore was either at the center of the N-C bond (o), shifted 0.1 Å towards 
the carbonyl carbon (x), or shifted 0.1 Å normal to the N-C bond from the center into the 
NCO plane toward the carbonyl O (y), Figure 5.  
CD Analysis 
!
 The Eulerian angles between the first amide chromophore and successive ones were 
calculated (COR_EUL, a subroutine in DInaMo program, Figure 1A (Appendix A)).96 
The CDCALC portion of the program generated the normal modes and spectrum for each 
protein. Three different dispersive parameters were used for the calculations: the original 
parameters (OL)120 created for the dipole interaction model, the α helical 
parameters(H)94 created for α-helical proteins, and the poly-L-proline II parameters (J).94 
The CD spectrum for each protein was computed for wavelengths between 175 and 250 
nm with a step size of 1 nm and bandwidths of either 4,000 or 6,000 cm-1. CDCALC for 
each protein was done on a Linux server (Fedora Core Linux 6, 64 bit that also runs 
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RedHat 2.6.32) compiled with PGI Fortran77 compiler. A tutorial on DInaMo/CDCALC 
is provided in Appendix A 
CD results obtained with DInaMo were analyzed using Excel (Microsoft, Santa Rosa, 
CA) and plots were generated with KaleidaGraph (Synergy Software, Reading, PA). 
These results were compared with experiment and SRCD data by evaluating the 
normalized root mean square deviation (RMSD) between experiments or SRCD and 
calculated CD at each wavelength for the total number of wavelengths computed (180 to 
250 nm), eq 23. 
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 CHAPTER 4 




Peptides are a group of macromolecules with a vast array of biological importance: 
they function as hormones, intracellular signals, neurotransmitters, immunogens, 
antibiotics and so on.32 The biological significance of peptides makes them highly 
applicable for pharmaceutical and biotechnological industries.32 Knowledge on the 
conformation of peptides is essential to enhance the understanding of the mechanism of 
action of a given peptide, and this can be obtained through different types of studies: X-
ray crystallography, NMR spectroscopy, electron microscopy, and electronic circular 
dichroism (CD). Although the resolution of the information produced from a CD 
spectrum is limited when compared to X-ray crystallography and NMR spectroscopy, it 
is beneficial in structural biology studies, in part because it can examine a peptide in 
solution as opposed to crystals. Also, CD allows structures to be studied under 
physiological conditions as oppose to the low pH/high concentration required for NMR 
spectroscopy.3  
Theoretical CD predictions can easily be done on small peptides, since they are less 
computationally demanding than large proteins. As such, model polypeptides are often 
used in the development of theoretical CD algorithms; standard polypeptides with 
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defined compositions in known conformations determined by X-ray scattering or by 
NMR or IR spectroscopy have been used to evaluate protein conformation.45,46,121 
Peptides usually exist in a wide variety of conformations: α-helix, β-sheets, 310-helix, β-
turns, γ-turns, poly(L-Pro) I or II helices, and unordered.32 Extended single peptide 
conformations and/or a combination of two or more different peptide conformations 
constitute the secondary structure of proteins. As such, the rationale of using peptides in 
the development of theoretical protein CD programs is further enhanced. 
The CD spectra of α-helix and β-sheet peptides have been well characterized. α-Helix 
CD contains two negative bands (at ~220 nm and ~207 nm) and a positive band at ~ 190 
nm. The 190 and 207 nm bands corresponds to the amide π-π* transition, while the 220 
nm band is attributed to the n-π* amide transition. The β-sheet CD spectrum is 
characterized by a broad negative band at ~217 nm (that includes both π-π* and n-$* 
transitions), and a positive band of lower intensity than that of the α-helix at ~195 nm 
(also from the π-π* transition). Unlike the α-helix and β-sheets, there is no unique 
conventional CD band for β-turns and γ-turns because these two structural categories 
contain a good number of conformations.32 β-turns are found in folded peptide 
conformations that contain a 1!4 intramolecular H-bond between the C=O group of 
residue 1 and the N-H group of residue 4.32 Based on the backbone torsional groups, β-
turns can be classified into four main types, type I, II, III and VIa (Table 4). Type I, II, 
and III β-turns are found in crystals of synthetic and naturally occurring linear and cyclic 
oligopeptides and they make up about 30% of globular proteins.32 Folded peptides with a 
1!3 intramolecular H-bond fall into the γ-turn conformation. There are two main types 
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of γ-turns: equatorial (inverse) and axial (classical), Table 3, and they are far less 
abundant in peptides and proteins than β-turns.32 
Table 3. Torsional Angles in Different Types of β-turns and γ-turns 
Turn Type ϕ2 (0) ψ2 (0) ϕ3 (0) ψ4 (0) 
β I -60 -30 -90 0 
II -60 120 80 0 
III -60 -30 -60 -30 
VIa -60 120 -90 0 
γ Equatorial 
(inverse) 
-75 65 -75 65 
Axial 
(classical) 
75 -65 75 -65 
Type I’, II’, and III’ β-turns also exist, where the prime superscript indicates that the given  
turn is the mirror image of the corresponding unprimed one. The inverse γ-turn is 
encountered in more peptides than the axial γ-turn, since its torsional angle allows it to be 
easily accessible to all L-amino acids.  
 
Earlier experimental and theoretical attempts at predicting the signature CD of β- and 
γ-turns peptides have been done.37,38,98,122-124 One of such theoretical studies was 
performed on cyclo(Gly-Pro-Gly)2 with the dipole interaction model.98a A good 
agreement of the predicted far UV π-π* CD spectrum with experiment was observed with 
the poly-L-proline II parameter (Jy, with this parameter, the point NC’O chromophore is 
placed 0.1 Å away from the N-C bond center towards the O in the NC’O plane). In the 
same study, Boltzmann weighted ensembles demonstrated how flexible the cyclo(Gly-
Pro-Gly)2 structure is in solution; the β- and γ- turns structures easily interconvert.98a 
Another theoretical study have been done by Woody37 on 15 β-turn conformations and 
their variants. Various spectral patterns were predicted, but the predominant one had a 
weak negative n-π* band at 220–230 nm and two strong π-π* bands: a positive band at 
200–210 nm and a negative band at 180–190 nm.37 This pattern, called a class B 
spectrum, resembles that of a β-sheet, but is red shifted by ~10 nm. However, it has been 
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reported that some types of β-turns (type II) have an α-helix-like spectrum, also called a 
class C spectrum.32 
Experimental CD studies on cyclic peptides confirm the prediction that type II β-turns 
have a class B spectrum.38,122-124 However, similar studies124 showed a type I turn to have 
a class C spectrum rather than the predicted37 class B spectrum. A more definitive study 
on β-turn CD done by Bandekar et al.125 confirm a class C spectrum for type I β-turn, and 
a class B spectrum for a type II turn. Theoretical quantum mechanical (QM) CD studies 
predict a class B spectrum for both type II and type I β-turns.37 So, QM predictions 
correctly predict the CD of a type II turn but not that of a type I turn. However, a classical 
electromagnetic prediction with the dipole interaction model provides results that are in 
qualitatively agreement to the experimental CD for both type I and type II β-turns.98,126  
Cyclic peptides are well-established models for conformational features that are 
important in protein structural studies.118 Earlier protein structural studies127-129 revealed 
the importance of hydrogen bonding in protein structures, thus the need to incorporate 
cyclic peptides with intramolecular H-bonding in CD predictions. Two main types of H-
bonding (β-turn and γ-turn) have been reported in cyclic peptides.127,130 Although both 
types of H- bonding are usually found in cyclic peptides, cyclo-(Gly-Pro-Gly-D-Ala-Pro) 
was the first synthetic model peptide to contain both types of turns in a single structure 
(Figure 7). This peptide showed both turns in the crystal form117 and also in solution.118 
In addition, the peptide provided the first definitive example of a γ-turn stable in polar 
solvents, particularly in water.118 
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Figure 7. Cyclo-(Gly-Pro-Gly-D-Ala-Pro) Structure Built with Insight®II/Discover 
Using X-ray118 Crystal Structural Coordinates.  Both 1!4 H-bond (β-turn) and 1!3 H-
bond (γ-turn) are shown. Oxygen atoms are represented in red, carbon in cyan, nitrogen 
in blue, and hydrogen in gray. 
 
 
Experimental CD studies on cyclo-(Gly-Pro-Gly-D-Ala-Pro)118 showed a spectrum 
with a large negative band at ~235 nm and a positive band at ~210 nm. Also, the same 
study shows binding of the peptide to divalent cations Mg2+, Mn2+, Ca2+, and Ba2+.118 As 
such, it provides a relatively simple peptide model to probe the molecular interactions 
important for ion binding in complex bimolecular systems such as membrane transport 
channels.  
Theoretical CD predictions have been done on cyclo-(Gly-Pro-Gly-D-Ala-Pro) by 
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Hirotoshi Ito .131 This study is a semiempirical calculation that makes use of an extended 
DeVoe’s dipole interaction theory using Green’s function matrix.131 Both the π-π* and n-
π* amide transitions are included in this study, using model peptide structures built with 
X-ray dihedral angles and NMR dihedral angles. The CD observed from both structures 
showed two positive bands (at ~185 nm and ~ 205 nm) and two negative bands (at ~190 
nm and ~220 nm). The positive band at ~ 205 closely estimates that obtained 
experimentally around that region, while the negative band at ~ 220 nm is slightly more 
intense and blue shifted than the experimental band that occurs around 230 nm. The 
dipole interaction model has been successful in predicting the β and γ- turns in other 
cyclic peptides.98,126  
Besides β and γ-turns CD predictions,89 the dipole interaction model has also been 
used to successfully predict the CD of β-sheets97 and α-helices.99 Uporov et al. have 
assembled the dipole interaction model in a program DInaMo.96 This program has been 
used to qualitatively predict the π-π* CD of 24 proteins with a good agreement to SRCD 
published data at the level of peak positions, intensities and general morphology. A 
limitation of this package has been the neglect of the n-$* amide transition and having to 
deal with a number of different parameters for protein CD prediction. In an attempt to 
include the n-π* transition and also reduce the number of parameters in the DInaMo 
package, initial testing with newly developed mean polarizability parameters are done on 
cyclo-(Gly-Pro-Gly-D-Ala-Pro) peptide. In addition the effects of different minimizations, 
and the exclusion of methyl, methylene, and methylidyne hydrogens on the side chain of 





The dipole interaction model (covered in more details in chapter 2) makes use of 
atom polarizabilities and molecular structure to predict optical properties.94,96 In this 
model, a molecule is considered to consist of a number of units (which may be an atom or 
a group of atoms) that interact with each other through their induced electric dipole 
moment in the presence of light.106 In the dipole interaction model, atomic polarizabilities 
of nonchromophoric atoms obtained experimentally from least squares fitting to 
molecular polarizabilities of small organic molecules determined at NaD line (589.3 
nm)90,91 are assumed to be isotropic and located at the nuclei, while chromophoric groups, 
the amide groups, are considered to have anisotropic polarizabilities located at or near the 
center of the N-C bond.91,94 Interactions between the chromophoric and nonchromophoric 
parts of the molecule lead to rotational (eq 17) and dipole strengths (eq 16), which are 
used in the calculation of CD.106 
Computational Section 
!
CD prediction with the DInaMo package requires considerable effort in preparing the 
molecular structural file.96 The user can either choose to use molecular mechanics 
(NAMD)114 to add hydrogens and energy minimize a PDB6 formatted structural file or 
extract the internal coordinates and use a molecular builder (e.g. Insight®II/Discover 
(Accelyrs, San Diego, CA, USA)) to rebuild the molecules’ three-dimensional structure 
using idealized bond lengths and angles. Either of the two routes requires a considerable 
amount of time, and the time used is directly proportional to the size of the molecule. It is 
therefore very logical and time saving to use small model peptides for new parameter 
testing and proof of concept. For this reason, model structures of cyclo-(Gly-Pro-Gly-D-
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Ala-Pro) were built with Insight®II/Discover (Accelyrs, San Diego, CA, USA) using 
crystal structural117 and NMR structural118 coordinates (Table 4) and used to test newly 
developed mean polarizability parameters (Chapter 3). 
 
Table 4. Gly-Pro-Gly-D-Ala-Pro NMR and X-ray Structural Coordinates 




Gly(1) 180 180 180 
Pro(2) -60 120 180 
Gly(3) 90 0 180 
D-Ala(4) 160 -120 180 




Gly(1) 83 -134 174 
Pro(2) -52 126 -179 
Gly(3) 74 12 177 
D-Ala(4) 134 -69 178 
Pro(5) -86 70 -160 
All input torsional angles are in degrees.118 
Energy Minimization 
!
Energy minimization is important in the quest for a stable or low energy 
configurations existing on the potential energy surface of a biomolecule: i.e., a 
configuration in space where the gradient of the potential energy, U, of the system (eq 
24) is zero.  
R = éE(è − è,)
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The first four terms in eq 24132 represents the bonded interactions, while the last term 
represents the nonbonded interaction. The first term represents the bond potential energy 
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function, where éE  is the bond-stretching constant, b is the actual bond length in 
Angstroms, and è,  is the ideal bond length. The second term represents the angle 
potential function, where éê  is the angle-bending constant, x  is the actual angle in 
degrees, and x, is the equilibrium angle. The third term represents the energy of rotation 
around a covalent bond (dihedrals), where éî  is the dihedral constant, ó is the angle 
between the plane containing the first three atoms in the dihedral and the plane containing 
the last three, n is the “multiplicity” (typically 1,2, or 3), and ò is the phase shift. The 
fourth term (impropers) is used to maintain molecular planarity, where éõ is the spring 
constant; 0 as in dihedrals, is the angle between the plane containing the first three atoms 
and the plane containing the last three; and 0, , typically zero, is used to restrain 
deformations among an atom and three atoms bonded to it. The last term is the 
nonbonded term that represents the van der Waals interactions among atoms given in 
terms of the classic Lennard-Jones potential and electrostatic interactions given by the 
coulombic term. In the Lennard-Jones potential term, r is the distance between the two 
atoms for which the interaction is considered, A is the repulsive force constant and B is 
the attractive force constant. The coulombic term contains the partial charges of the two 
atoms under consideration (J>2àáå2JZ), and the dielectric constant, D. 
 The potential energy of the system can be zero at either the local minimum or at the 
global minimum.133 Energy minimization locates a local minimum and not the global 
minimum, which has high-energy barriers on the potential energy surface. 
Insight®II/Discover (Accelyrs, San Diego, CA, USA) uses a combination of steepest 
descent to obtain a local minimum followed by a conjugate gradient to accurately 
determine a deeper local minimum. Extensive molecular dynamics would be required to 
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map the entire conformational surface to identify the global minimum, and such a search 
is beyond the scope of this work. 
Cyclo-(Gly-Pro-Gly-D-Ala-Pro) model structural files built with X-ray and NMR 
coordinates were energy minimized with Insight®II (San Diego, CA, USA) using 
AMBER force field119 in either implicit water solvent or in vacuum. Both the original 
model Cartesian files (built with Insight®II but not minimized) and the Insight®II 
minimized files were then prepped for minimization using VMD (Visual Molecular 
Dynamics).134 In VMD, the peptides were solvated in explicit cubes of water that 
completely surrounded the molecule. After preparation in VMD, the solvated molecules 
were then minimized using the CHARMM22 force field115 in NAMD using 10,000 
conjugate gradient steps. For each structure, three different sets of minimizations were 
done: (1) either the structure was minimized with Insight®II (Accelyrs, San Diego, CA, 
USA) using AMBER119 force field for 1,000 conjugate gradient steps, or (2) the structure 
was minimized for 10,000 conjugate gradients steps with NAMD/CHARMM22, or (3) 
the structure was minimized with Insight®II using AMBER force field for 1,000 
conjugate gradient steps and further minimized with NAMD/CHARMM22 for 10,000 
conjugate gradient steps (this minimization will be represented as AMBER/NAMD 
henceforth) 
CD Calculation (CDCALC) 
!
Cartesian coordinates generated from the minimization packages were used to 
calculate the π-π* amide transitions of the peptide using the dipole interaction model 
(DInaMo).96! As stated in the theory section (Chapter 2), the chromophoric amides were 
reduced to a single point located along the N-C bond. The point anisotropic polarizability 
! 46"
of the amide chromophore was either at the center of the N-C bond (o), shifted 0.1 Å 
towards the carbonyl carbon (x), or shifted 0.1 Å normal to the N-C bond from the center 
into the NCO plane toward the carbonyl O (y), Figure 2. The nonchromophoric atoms of 
the peptide were treated in five different ways: (1) the methyl (CH3) hydrogens were 
deleted prior to calculation. (2) Both the methyl (CH3) and methylene (CH2) hydrogens 
were deleted. (3) All the methyl, methylene, and methylidyne (CH) hydrogens were 
deleted leaving only amide hydrogens. (4) All the hydrogens in the original structure 
were included in the calculation. (5) New mean polarizability parameter implemented for 
both methyl and methylene groups.  
CD Analysis 
!
The predicted CD was analyzed, and the normalized root mean square deviation 
(RMSD) between the calculated CD and published conventional experimental data was 
done for all wavelengths over the total number of wavelengths (eq 23) using Excel 
(Microsoft, Santa Rosa, CA) and plotted with KaleidaGraph (Synergy Software (Reading, 
PA). The obtained spectra were compared to digitized (using “PlotDigitizer”, Free 
Software Foundation, Inc., Boston, MA, USA) conventional cyclo-(Gly-Pro-Gly-D-Ala-
Pro) CD found in literature.118  
Results 
!
Complete CD data tables for all DInaMo/CDCALC parameters: the original 
parameters created for the dipole interaction model (OL);120 the α-helical parameters 
created for proteins (Hx, Hy, and Ho);94 and the poly-L-proline II parameters (Jx, Jy, and 
Jo)94) comparing the predicted spectra to conventional CD118 for the 200 nm to 250 nm 
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wavelength are shown in Appendix B. Appendix B also contains figures showing the 
morphology of the predicted spectra in comparison to published CD data. The calculated 
CD is done from 175 nm to 250 nm wavelength at 1 nm intervals, however, the available 
conventional CD118 data runs from 200 nm to 250 nm, so the root mean square deviation 
(RMSD) shown is calculated for the 200 nm to 250 nm region. 
Results with cyclo-(Gly-Pro-Gly-D-Ala-Pro) NMR Structure 
!
For the NMR built structure, the RMSD ranged from 5.618 to 6.948 M-1cm-1, with 
lower RMSDs observed with the NAMD/CHARMM22 minimized structure, while 
higher RMSDs are obtained with the Insight®II/AMBER minimized structure (Table 5). 
For both the NAMD/CHARMM22, and AMBER/NAMD minimized structures, the 
lowest RMSD is consistently obtained with the original parameter. For both 
minimizations, the lowest RMSD is obtained for structures in which both the methyl and 
methylene hydrogens are deleted prior to calculations, and this is with the 6,000 cm-1 OL 
parameter set (Table 5). However, for the AMBER minimization, the poly-L-proline 
parameter gives the lowest RMSD for three of the four modifications. The exception 
being the prediction with the structure in which the methyl and methylene hydrogens are 
deleted prior to calculations. For this structure, the lowest RMSD again was observed 
with the original parameter, but it was with the 4,000 cm-1 bandwidth and not the 6,000 
cm-1 as for the other two minimizations. 
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Table&5.!CD Analysis of Cyclo-(Gly-Pro-Gly-D-Ala-Pro) Structure Built from NMR118 Structural Coordinates. The prediction 
involves only the π–π* amide transition parameter. All RMSDs are Calculated Between 200 and 250 nm. 
 
CD Method Wavelength 
 (nm) 






RMSD Range  
(M-1.cm-1) 
aConventional CD 207 4.79 230 -10.27 0.000  
CDCALC/(NAMD/CHARMM22)       
b4000OL 206 8.36 224 -0.571 5.677 5.677–6.672 
c4000OL 206 8.34 236 -0.546 5.680 5.680–6.662 
d6000OL 201 5.49 250 0.08 5.618 5.618–6.278 
e6000OL 200 6.52 250 0.13 5.748 5.748–6.392 
CDCALC/(AMBER &NAMD)      
f4000OL 207 7.90 224 -0.35 5.713 5.713–6.762 
g4000OL 207 7.87 224 -0.32 5.716 5.716–6.751 
h6000OL 201 5.31 250 0.08 5.633 5.633–6.304 
i6000OL 200 6.39 250 0.13 5.760 5.760–6.420 
CDCALC/AMBER       
j4000Hy 209 2.30 200 -0.36 5.880 5.880–6.939 
k4000Hy 209 2.36 200 -0.20 5.884 5.884–6.948 
l4000OL 206 1.26 200 -0.39 5.748 5.748–6.394 
m4000Hy 206 3.07 250 0.06 5.771 5.771–6.398 
pIto 202 5.17 223 -4.72 3.786 3.786–3.967 
qIto 203 3.85 221 -7.42 3.733 3.722–3.754 
aConventional CD.118 bCDCALC with NAMD/CHARMM22115 10,000 steps minimized structure. All hydrogen atoms included in calculation. cCDCALC, with 
NAMD/CHARMM22 10,000 steps minimized structure. Hydrogen atoms attached to methyl groups (CH3) are ignored. dCDCALC with NAMD/CHARMM22 10,000 
steps minimized structure. Hydrogen atoms attached to methyl (CH3) and methylene groups (CH2) are ignored. eCDCALC with NAMD/CHARMM22 10,000 steps 
minimized structure. All hydrogen atoms except those attached to the amide nitrogen are ignored. fCDCALC with Insight®II/Discover/AMBER119 1,000, and 
NAMD/CHARMM22 10,000 steps minimized structure. All hydrogen atoms included in calculation. gCDCALC with Insight®II/Discover/AMBER 1,000, and 
NAMD/CHARMM22 10,000 steps minimized structure. Hydrogen atoms attached to methyl groups (CH3) are ignored. hCDCALC with Insight®II/Discover/AMBER 
1,000, and NAMD/CHARMM22 10,000 steps minimized structure. Hydrogen atoms attached to methyl (CH3) and methylene groups (CH2) are ignored. iCDCALC with 
Insight®II/Discover/AMBER 1,000, and NAMD/CHARMM22 10,000 steps minimized structure. All hydrogen atoms except those attached to the amide nitrogen are 
ignored. jCDCALC with Insight®II/Discover/AMBER 1,000 steps minimized structure. All hydrogen atoms included in calculation. kCDCALC with 
Insight®II/Discover/AMBER 1,000 steps minimized structure. Hydrogen atoms attached to methyl groups (CH3) are ignored. lCDCALC with 
Insight®II/Discover/AMBER 1,000 steps minimized structure. Hydrogen atoms attached to methyl (CH3) and methylene groups (CH2) are ignored. mCDCALC with 
Insight®II/Discover/AMBER 1,000 steps minimized structure. All hydrogen atoms except those attached to the amide nitrogen are ignored. pSemiempirical dipole 
interaction model with NMR structure of cyclo(Gly-Pro-Gly-D-Ala-Pro) using an oscillator strength of fnπ* = 0.007.131 qSemiempirical dipole interaction model with 
NMR structure of cyclo(Gly-Pro-Gly-D-Ala-Pro) using an oscillator strength of fnπ* = 0.019.131 Yellow highlight represents the best RMSD for a set of calculations.   
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The RMSD values alone might be misleading; the parameter set with the lowest 
RMSD does not always turn out to give a spectrum with the best morphology. For 
predictions with all the hydrogens included and those in which the methyl hydrogens are 
deleted prior to calculations, the best spectra morphology is observed with the 
NAMD/CHARMM22 minimization, and the parameter with the lowest RMSD (6,000 
cm-1 OL) happens to give the best spectral morphology as well (Figure 8), the 205 nm 
peak location and intensity is closely reproduced. On the contrary, for structures in which 
the methyl and methylene hydrogens are deleted prior to calculations, and also for those 
in which all the aliphatic hydrogens are deleted prior to calculations, the best RMSD is 
obtained with the original parameter set for all three minimizations, but for the AMBER 
minimization in which the best RMSD for the prediction with all aliphatic hydrogens 
deleted prior to calculations occurred with the 4000 cm-1 Hy parameter. However, the 
best spectral morphology was observed for structures minimized with Insight®II/AMBER 
and it was with the α-helical parameter, which was not among those with the best 
RMSDs (Figure 8). For all three different categories of minimization, results obtained 
with structures having all hydrogens look very similar to those obtained with excluding 
methyl hydrogens (A & B Figure 8), while predictions done with excluding both methyl 
and methylene hydrogens appear to be identical to those obtained with excluding all 














Figure 8. NMR Cyclo(Gly-Pro-Gly-D-Ala-Pro) CD Spectra. (A) All hydrogens included 
in the calculations; (B) methyl hydrogens deleted prior to calculations; (C) methyl and 
methylene hydrogens deleted prior to calculations; (D) methyl, methylene and 
methylidyne hyrogens deleted prior to calculations. Calculations included only the π-π* 
amide transition parameter. Plots A&B are for structures minimized with 
NAMD/CHARMM22 while C&D are for structures minimized with  Insight®II/AMBER. 
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Results with Cyclo-(Gly-Pro-Gly-D-Ala-Pro) X-ray Structure 
!
Results obtained with the X-ray crystal structure looks very similar to those obtained with 
the NMR Structure (Appendix B). The predicted CD spectra data has RMSDs ranging 
from 5.66–7.30 M-1cm-1, 5.61–7.12 M-1cm-1, and 5.68–8.19 M-1cm-1 for the NAMD, 
AMBER/NAMD, and AMBER minimized structures respectively (Table 6). Of all three 
minimized structures, the best RMSDs are obtained with calculations in which methyl 
and methylene hydrogens are excluded, and this value is consistently obtained with the 
4,000 cm-1 OL parameter. On the other hand, the worst RMSDs are obtained with 
calculations in which methyl hydrogens are excluded, and these values are consistently 
obtained with the 4,000 cm-1 Jx parameter. As observed with the NMR structure, results 
gotten with structures in which all hydrogens are included looks very similar to those 
gotten with structures in which methyl hydrogens are excluded. Also, results obtained 
with structures in which both methyl and methylene hydrogens are excluded appear 
identical to those in which all methyl, methylene, and methylidyne hydrogens are 
excluded (Figure 9, Figure B13–B24). Based on the morphology of the observed spectra, 
the NAMD minimized structure more closely reproduces the ~205 nm peak in 
comparison with the other minimizations. For structures in which all hydrogens are 
maintained, and also structures in which methyl hydrogens are excluded the best match 
between experiment and predicted CD is observed with the 4,000 cm-1 Hy parameter. On 
the other hand, for calculations in which methyl and methylene hydrogens are excluded 
or those in which all methyl, methylene, and methylidyne hydrogens are excluded, the 
~205 nm peak is more closely reproduced with the 4,000 OL parameter. Predictions with 
AMBER force field minimization are extremely red-shifted, with a negative band  
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Table 6. CD Analysis of Cyclo-(Gly-Pro-Gly-D-Ala-Pro) Structure Built from X-ray118 Structural Coordinates. The prediction 
involves only the π–π* amide transition parameter. All RMSDs are Calculated Between 200 and 250 nm 
CD Method Wavelength 
 (nm) 






RMSD Range  
(M-1cm-1) 
aConventional CD 207 4.79 230 -10.27 0.000  
CDCALC/NAMD       
b4000Ho 204 5.40 250 0.13 6.01 6.007–7.302 
c4000Ho 204 5.39 250 0.13 6.01 6.011–7.300 
d4000OL 203 5.04 250 0.05 5.66 5.661–6.403 
e4000OL 201 5.80 250 0.08 5.76 5.762–6.492 
CDCALC/(AMBER &NAMD      
f6000OL 250 60.21 200 62.42 5.75 5.748–6.839 
g6000OL 250 60.20 200 62.46 5.76 5.762–7.119 
h4000OL 206 0.18 216 61.59 5.61 5.613–6.508 
i4000OL 250 60.08 200 61.70 5.81 5.8146.439 
CDCALC/AMBER       
j4000Hy 208 4.46 250 0.11 6.04 6.043–7.698 
k4000Hy 208 4.53 250 0.11 6.04 6.043–7.713 
l4000OL 203 3.98 250 0.04 5.68 5.682–6.975 
m4000OL 202 4.48 250 0.07 5.77 5.768–6.904 
nIto! 202 3.30 222 64.15 4.291 4.291–4.529 
0Ito 202 3.09 222 66.66 3.935 3.935–4.778 
aConventional CD.118 bCDCALC NAMD/CHARMM22 10,000 steps. All hydrogen atoms included in calculation. cCDCALC, NAMD/CHARMM22 
10,000 steps. Hydrogen atoms attached to methyl groups (CH3) are ignored. dCDCALC NAMD/CHARMM22 10,000 steps. Hydrogen atoms attached to 
methylene groups (CH3CH2) are ignored. eCDCALC NAMD/CHARMM22 10,000 steps. All hydrogen atoms except those attached to the amide 
nitrogen are ignored. fCDCALC Insight®II/Discover/AMBER, NAMD/CHARMM22 and 10,000 steps respectively. All hydrogen atoms included in 
calculation. gCDCALC Insight®II/Discover/AMBER, NAMD/CHARMM22 and 10,000 steps respectively. Hydrogen atoms attached to methyl groups 
(CH3) are ignored. hCDCALC Insight®II/Discover/AMBER, NAMD/CHARMM22 and 10,000 steps respectively. Hydrogen atoms attached to 
methylene groups (CH3CH2) are ignored. iCDCALC Insight®II/Discover/AMBER, NAMD/CHARMM22 and 10,000 steps respectively. All hydrogen 
atoms except those attached to the amide nitrogen are ignored. jCDCALC Insight®II/Discover/AMBER steps. All hydrogen atoms included in 
calculation. kCDCALC Insight®II/Discover/AMBER steps. Hydrogen atoms attached to methyl groups (CH3) are ignored. lCDCALC 
Insight®II/Discover/AMBER steps. Hydrogen atoms attached to methylene groups (CH3CH2) are ignored. mCDCALC Insight®II/Discover/AMBER 
steps. All hydrogen atoms except those attached to the amide nitigen are ignored. nSemiempirical dpole interaction model with rebuilt X-ray crystal 
structure of cyclo(Gly-Pro-Gly-D-Ala-Pro) using an oscillator strength of fnπ* = 0.007. oSemiempirical dipole interaction model with rebuilt X-ray 
crystal structure of cyclo(Gly-Pro-Gly-D-Ala-Pro) using an oscillator strength of fnπ* = 0.019. 131 Yellow highlight represents the best RMSD for a set of 
calculations. 
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Figure 9. X-ray Cyclo(Gly-Pro-Gly-D-Ala-Pro) CD Spectra. (A) All hydrogens included 
in the calculations; (B) methyl hydrogens deleted prior to calculations; (C) methyl and 
methylene hydrogens deleted prior to calculations; (D) methyl, methylene and 
methylidyne hyrogens deleted prior to calculations. Calculations included only the π-π* 
amide transition parameter. A&B spectra are for structures minimized with 
NAMD/CHARMM22 while C&D are for structures minimized with Insight®II/AMBER. 
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Mean Polarizability Implementation 
!
Since the X-ray cyclo-(Gly-Pro-Gly-D-Ala-Pro) peptide structure with methyl and 
methylene hydrogens excluded proved to be the most successful structure for predictions 
with NAMD/CHARMM22 minimization, initial testing of mean polarizability values and 
the n-π* amide transition implementation is done with this structure. A detailed result for 
this testing is presented in appendix B (Table B3, and Figures B25–B28). For mean 
polarizability value calculations with the π-π* amide transition only, the RMSDs ranges 
from 0.502 to 5.799 M-1cm-1 as oppose to 5.613–6.508 M-1cm-1 for calculations without 
mean polarizability values. The lowest RMSD with the mean polarizbaility value 
calculation is obtained with the 4,000 cm-1 Ho parameter set (Table 7); both the ~205 nm 
and ~230 nm bands are closely reproduced (Figure 10).  
Table 7. Cyclo-(Gly-Pro-Gly-D-Ala-Pro) CD  Prediction with Mean Polarizability 
Values and n-π* Amide Transition. 












aConventional CD 204 4.79 230 -10.27 0.000 
b4000Ho 204 4.82 230 -10.29 0.502 
c4000OL 250 -0.12 200 -1.26 5.616 
d4000OL 206 0.48 200 -1.22 5.473 
e4000Jy 200 3.77 239 ,5.41 3.844 
nIto 131 202 3.30 222 -4.15 4.291 
0Ito131 202 3.09 222 -6.66 3.935 
pIto131 202 5.17 223 -4.72 3.786 
qIto131 203 3.85 221 -7.42 3.733 
CD predictions are done with a NAMD/CHARMM22 minimized X-ray structure in which all methyl and 
methylene hydrogens are excluded. aConventional CD experimental spectrum;118 bπ-π* CD prediction with 
mean polarizability; cπ-π* and n-π* CD with Jon Applequist parameters; dπ-π* and n-π* CD with Ito H. 
parameters. eπ-π* and n-π* CD with mean polarizability values; nSemiempirical dipole interaction theory 
using Green’s function matrix with X-ray crystal structure of cyclo(Gly-Pro-Gly-D-Ala-Pro) using an 
oscillator strength of fo(n-π*) = 0.007.131 oSemiempirical dipole interaction theory using Green’s function 
matrix with X-ray crystal structure of cyclo(Gly-Pro-Gly-D-Ala-Pro) using an oscillator strength of fo(n-
π*)  = 0.019.131 pSemiempirical dipole interaction theory using Green’s function matrix with NMR structure 
of cyclo(Gly-Pro-Gly-D-Ala-Pro) using an oscillator strength of fo(n-π*)  = 0.007.131 qSemiempirical dipole 
interaction theory using Green’s function matrix with NMR structure of cyclo(Gly-Pro-Gly-D-Ala-Pro) 
using an oscillator strength of fo(n-π*) = 0.019.131 
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When the n-π* amide transition is included with the mean polarizability values, the 
RMSD range is raised to 3.844–5.793 M-1cm-1. However this range is smaller than that 
obtained without the mean polarizability values (5.6166.467) or with the Ito H. n-π* 
parameter (5.473–6.412 M-1cm-1). The CD spectra (Figure 10) for the n-π* calculations 
shows predictions without the mean polarizability value to be very similar to that with the 
Ito n-π* parameter; both calculations fail to reproduce either the ~205 nm or the ~230 nm 
bands. On the other hand, n-π* calculations with mean polarizability values closely 
reproduce the 205 nm band, and though the sign of the normal modes around the ~230 
nm are opposite to the experimental, there is a clear indication that normal modes are in 
the right location for the n-π* amide transition (Figure 10). 
 
Figure 10.! π-π* and n-π* Predictions with Mean Polarizability Values. Obtained spectrum for a 
NAMD/CHARMM22 minimized X-ray structure is compared to conventional CD (•).118 
Calculations in which either the H. Ito (!) or J. Applequist (!) n-π* amide transition parameter is 
added both appear similar. Methyl and methylene mean polarizability values implemented with 
the π-π* amide transition parameter (") and also with both the π-π* and n-π* amide transition 




Minimization with the dipole interaction model. Though both AMBER and 
CHARMM22 force fields are Class I all atom force fields recommended for organic and 
biological molecules studies, they are constructed using empirical data from different 
molecules. In addition, Amber force field does not contain anharmonic corrections to the 
harmonic oscillator of bond stretching and bending.135 It is therefore expected that there 
might be some slight discrepancies in the CD data obtained from structures with different 
energy minimizations. It has been shown that the N-methyacetamide n-π* and π-π* 
amide transition energies fluctuates based on the force field used, with CHARMM22 
having slightly red-shifted energies.136 On the issue of the different minimizations, using 
both Insight®II/AMBER and CHARMM22 minimization on the peptide structure before 
performing CDCALC gives best results with the NMR structure, while 
NAMD/CHARMM22 minimization works best with the X-ray crystal structure.  It is 
therefore recommended that for protein studies, all X-ray crystal structures obtained from 
the Protein Data Bank should be energy minimized with NAMD/CHAMM22. 
Methyl, methylene, and methylidyne hydrogens exclusion. Due to the size limitation 
problem with the dipole interaction model, Bode and Applequist (1998) suggested that 
methyl group or other side chain groups could be replaced with an isotropic point 
polarizability.66 Excluding side chain methyl groups by ignoring all the methyl hydrogens 
has been successful with a large set of proteins97. This idea is validated with the obtained 
results from this cyclic peptide study: Predicted CD data for structures in which methyl 
hydrogens are excluded appear similar to those obtained from structures having all 
hydrogens in place for both the NMR and X-ray structures (Figures 8 and 9). However, it 
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should be noted that there is only one methyl group in the entire peptide structure (that on 
the alanine residue), so deleting the hydrogens on this single methyl group does not 
confer so much of a difference in the peptide structure. Thus similar results are obtained 
when the hydrogens on the methyl group are maintained or excluded. In a similar manner, 
results obtained with structures in which both methyl and methylene hydrogens are 
excluded, are similar to those in which all methyl, methylene, and methylidyne 
hydrogens are excluded. The only methylene groups in the peptide structure are located 
on the two proline residues in the structure. Once both the alanine methyl hydrogens and 
the proline methylene hydrogens are excluded, the only hydrogens left in the structures 
are the methylidyne hydrogens attached to the alpha carbons on the backbone. Since 
hydrogen polarizabilities are small, for a small structure like clyclo-(Gyl-Pro-Gly-D-Ala-
Pro), it is therefore evident that excluding these backbone hydrogens has little difference 
with the results obtained with excluding methyl and methylene hydrogens. In addition, 
excluding both methyl and methylene hydrogens gives best results with the X-ray 
structure minimized with NAMD/CHARMM22. Since most protein structures studied are 
usually crystal structures obtained from the Protein Data Bank, it is therefore 
recommended that the idea of excluded methyl and methylene hydrogens, or excluding 
all methyl, methylene and methylidyne hydrogens be investigated with protein structures.  
CD with mean polarizability values and the n-π* amide transition. Still in a bid to 
tackle the size limitation problem with the dipole interaction model, and probably reduce 
the number of parameters currently being used with DInaMo/CDCALC, mean 
polarizability values for the methyl and methylene, groups are tested with the cyclic 
peptide. When the methyl and methylene mean polarizability values are implemented 
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with the X-ray crystal peptide structure minimized with NAMD/CHARMM22, there is  
close match with the experimental CD (Figure 10) and the obtained RMSD is 0.502 M-
1cm-1. However, when the n-π* transition is added, the ~230 nm band is not replicated as 
previously seen with the π-π* amide transition prediction, and a shoulder is observed at 
~220 nm (Figure 10, and B28). On the contrary including the n-π* amide transition 
without mean polarizability values produces results that look very similar to those 
obtained with Ito n-π* parameters (Figures B26, and B27). The generated spectra with 
both aforementioned n-π* parameters fail to reproduce either the ~205 nm or the ~230 
nm bands and very high RMSDs are obtained. When compared to the results obtained 
with semiempirical dipole interaction theory using Green’s function matrix with an n-π* 
oscillator strength of 0.019,131 only the n-π* amide transition implementation with mean 
polarizability values gives a close RMSDs (Table B3). In a quest to find out why addition 
of the n-π* amide transition tends to give poor results when compared to those obtained 
with the π-π* amide transition only, normal modes generated from CDCALC are 
compared (Figure 11). Mean polarizability π-π* amide calculations reveal long 
wavelength normal modes with values as high as 357.42 nm. This explains the reason 
why the peak at 230 nm could be closely replicated with the π-π* transition calculation. 
Nonetheless, acceptable wavelength normal modes for the π-π* amide transition should 
be lower than 215 nm for proteins or a bit higher for small cyclic peptides.98 The perfect 
match with the π-π* mean polarizability values is thus a coincidence. When the n-π* 





Figure 11.  Wavelength Normal Modes for Various Calculations with Different Parameters. Results are for X-ray Cyclo-(Gly-Pro-Gly-D-Ala-Pro) 
structure minimized with NAMD/CHARMM22. Both methyl and methylene mean polarizability values are used for calculations with mean 
polarizability while both methyl and methylene hydrogens are excluded for calculations without mean polarizability.  
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Figure 11.  Wavelength Normal Modes for Various Calculations with Different Parameters. Results are for X-ray Cyclo-(Gly-Pro-Gly-D-Ala-Pro) 
structure minimized with NAMD/CHARMM22. Both methyl and methylene mean polarizability values are used for calculations with mean 
polarizability while both methyl and methylene hydrogens are excluded for calculations without mean polarizability.   
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modes increase, with values as high as 406.41 nm being seen. The recommended normal 
mode for the n-π* amide transition is 230 nm. This clearly shows that results with mean 
polarizability values are occurring at higher than normal wavelengths. In addition, the 
observed spectra upon addition of the n-π* amide transition with mean polarizability 
values shows a weak correlation with the experimental CD. This is an indication that the 
mean polarizability values are large, and thus tend to overwhelm the system. For n-π* 
amide implementation without mean polarizability values, normal modes occur in the 
right location. However, the obtained spectra fail to reproduce either the 205 nm or the 
230 nm bands. This is an indication that some of the long wavelength normal modes are 
occurring with an opposite sign and so tend to subtract out, thus weakening the intensity 
of predicted spectra.  
Conclusions 
DInaMo/CDCALC is currently doing a good job at predicting the π-π* amide transition. 
However, more work needs to be done on the n-π* amide transition. Since results with 
excluding methyl hydrogens appear identical to those obtained when all hydrogens are 
included, excluding methyl hydrogens is a good way to handle the size limitation 
problem with molecular structures.   Using NAMD/CHARMM22 minimization seems to 
be the best choice for dealing with X-ray crystal structure. Also, very promising results 
are obtained with mean polarizability values. Mean polarizability values might therefore 
be another way forward to handle the size limitation problem with DinaMo/CDCALC. 
However, more work needs to be done on the mean polarizability values to correct the 




THEORETICAL CIRCULAR DICHROISM SPECTRA OF α-HELICAL PROTEINS 




Chirality of polypeptides renders them possible to be studied by electronic circular 
dichroism (CD) spectroscopy.137 CD is the differential absorbance of left and right 
circularly polarized light by a chiral molecule.1 Among the physical methods available 
for studying protein structures, CD stands out as a property that is easy to measure yet 
remarkably difficult to predict theoretically.94 The basic principle underlying the CD of 
polypeptides and proteins is reasonably understood: the mixing of electronic transitions 
of monomer groups in the context of a chiral environment of helices gives rise to 
transitions that are both electronically and magnetically allowed.137 Despite knowledge 
on the fundamentals of CD, accurate theoretical prediction is still a major challenge. No 
wonder, research on the theory of CD on polypeptides has been one of the most active 
areas in optical activity studies for over the last 50 years. Recent reviews by Woody22,138 
summaries the current standing of theoretical CD from many laboratories, and it can be 
described as being only partially successful. Over the years, one of the most intensely 
studied problems in optical activity theories has been that of α-helical structures of 
polypeptides.91
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 The CD spectra of α-helical proteins display an intense positive peak around 190 nm and 
two negative peaks around 207 and 222 nm. The negative band at 222 nm is assigned to 
the n-π* transition,29,30 while the positive band at ~190 nm and the negative band at ~207 
nm are both attributed to the π-π* transition, resulting from exciton coupling31 among the 
π-π* transition moment. The 207 nm band is polarized along the helix axis while the 190 
nm band is polarized in the plane perpendicular to the axis.22 
A better understanding of theoretical CD would facilitate a fuller interpretation of 
protein CD experiments.137 Extensive theoretical studies have been done with some 
success to predict the CD spectra of α-helical proteins. More could be learnt about the 
origin of these spectra through first-principle calculations of protein CD from their three 
dimensional structures. A number of computational methods have been developed for this.  
The matrix method30,71,72 based on a classical electrostatic interaction between the 
individual chromophoric groups in proteins has been successful in predicting the CD of 
proteins to some extent.84,137,139,140 The π-π* and n-π* amide transition has been fully 
characterized through semiempirical calculations using the intermediate neglect of 
differential overlap/spectroscopic (INDO/S) wave functions for N-methylacetamide.141 
Also, high-level ab initio calculations on N-methylacetamide using CASSCF/SCRF 
(complete active space self-consistent-field method implemented within a self-consistent 
reaction field) combined with multiconfigurational second-order perturbation theory 
(CASPT2-RF)74,137 have been used to develop useful matrix method parameters. This 
method allows charge-transfer transitions and aromatic side chain contributions on 
protein CD to be studied. 
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Another computational method that has been used to predict protein CD is the dipole 
interaction model. This classical physics method developed by Applequist90,91 from 
DeVoe’s theory92,93 makes use of changes in dipole moment, and therefore utilizes 
atomic and molecular polarizabilities. In this model, atoms and chromophores are 
considered to be point dipole oscillators that interact through mutually induced dipole 
moments in the presence of an electric field. The dipole interaction model is well 
parameterized to predict the far-UV electric dipole allowed amide π-π* transitions, which 
are empirically derived from the anisotropies, molar Kerr constants, polarizabilities and 
polar angles of small amides including formamide, acetamide, N-methylformamide, N-
methylacetamide, N,N-dimethylformamide, N,N-dimethylacetamide, trifluoroacetamide, 
trichloroacetamide, tribromoacetamide, N-methyltrifluoroacetamide, N-
methyltrichloroacetamide, and N-methyltribromoacetamide.94 Though the n-π* amide 
transition has previously not been successfully implemented with the dipole interaction 
model, it predicts the π-π* amide transition better than most matrix methods.66,91,96 
Recently, the dipole interaction model has been assembled into a package (DInaMo)96 
and used to successfully predict the far-UV CD of 24 proteins. This study implemented 
only the π-π* amide transition on α-helical proteins, β-sheet proteins, α/β proteins, and 
irregular protein structures. The 190 and 207 nm peaks are reasonably reproduced for all 
structures studied, with a good peak intensity and morphology. However, the n-π* amide 
transition has not been included with this package and no single parameter in the package 
successfully simulates the far-UV CD of different classes of protein. Herein, in an 
attempt to improve the far-UV protein CD prediction capability of DInaMo, a number of 
issues are addressed: (1) Which parameter set, if any, serves as the best choice for 
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predicting the far-UV CD spectra of α-helical proteins? (2) Will the predicted CD be 
improved if mean polarizability values are used? (3) Since excluding methyl hydrogens 
on the amino acid residues studied has been successful,96 what happens if methylene and 
methylidyne hydrogens are also excluded? (4) How will the predicted spectrum differ 
upon addition of the n-π* amide transition?  
Theory 
!
The dipole interaction model (covered in more details in Chapter 2) makes use of 
atom polarizabilities and molecular structure to predict optical properties.94,96 In this 
model, a molecule is considered to consist of a number of units (which may be an atom or 
a group of atoms) that interact with each other through their induced electric dipole 
moment in the presence of light.106 In the dipole interaction model, atomic polarizabilities 
of nonchromophoric atoms obtained experimentally from least squares fitting to 
molecular polarizabilities of small organic molecules determined at NaD line (589.3 
nm)90,91 are assumed to be isotropic and located at the nucleus, while chromophoric 
groups, the amide groups, are considered to have anisotropic polarizabilities located at or 
near the center of the N-C bond.91,94 Interactions between the chromophoric and 
nonchromophoric parts of the molecule lead to rotational (eq 17) and dipole strengths (eq 
16) which are used in the calculation of CD.106 For proteins, the amide group, NC’O, is a 
single unit chromophore, and the aliphatic atoms are either treated as individual units or 
as units in a united atom approach where the mean polarizability of methyl, methylene 
and methylidyne groups are used. Polarizabilities are largest for the chromophoric points 
and smaller for the nonchromophoric points, with hydrogens having the smallest 
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Protein Selection and NAMD Minimization 
!
Fifteen different protein structural files (Table 8) classified by CATH142 as mainly 
alpha helical proteins, were obtained from the Protein Data Bank (PDB)6. Three criteria 
were used to select these proteins: (1) The proteins chosen were CATH16 classified as 
mainly α-helical, and the monomeric unit or heteromeric units that constitute the protein 
had no more than 300 amino acid residues; a memory allocation problem is encountered 
for proteins with more than 300 amino acid residues. (2) All PDB structures were high-
resolution crystal structures with R factors of less than 3.00 Å.  (3) All proteins had an 
available synchrotron radiation circular dichroism (SRCD) spectrum in the Protein 
Circular Dichroism Data Bank (PCDDB).21  
These protein files were prepared with VMD134 and energy minimized with 
NAMD/CHARMM 22.114 DInaMo/CDCALC96 (a program developed by Uporov et al. 
2015) requires significant energy minimization to adjust bond lengths and bond angles in 
the crystal structures. It is common for crystal structure geometries to have slightly 
shorter bond lengths,116 such that they cannot be used directly with the dipole interaction 
model, since this model is very sensitive to molecular geometry. Each protein was 
minimized in vacuum for either 5,000 or 10,000 conjugate gradient steps depending on 
the size of the protein: 5,000 steps for small proteins (less than 150 amino acid residues) 
and 10,000 steps for larger proteins (greater than 150 amino acid residues but less than 
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300). The largest proteins studied, hemoglobin and bacteriorhodopsin, were minimized 
for 30,000 steps. It is generally recommended to use a higher number of minimization 
steps for a particular protein structure than using less when working with 
DInaMo/CDCALC. 
Table 8. List of α-Helical Proteins Studied 





% α-Helix  
Bacteriorhodopsin 1QHJ143  A 248 68.5 
Calmodulin 1LIN144 A 148 56.8 
Cytochrome c 1HRC145 A 105 41.0 
Leptin 1AX8146 A 146 56.2 
Lysozyme 2VB1147 A 129 30.2 
Myoglobin (horse) 2V1K148 A 153 73.9 
Myoglobin (sperm 
whale) 
2JHO149 A 153 74.2 
Phospholipase A2 1UNE150 A 123 44.7 
Rhomboid 
peptidase 
2NR9151 A 196 61.7 




2OAR153 A 174 52.8 
Calexcitin 2CCM154 A 191 58.4 
C-phycocyanin 1HA7155 A 162 74.1 
Voltage gated 
potassium Channel 
1J95156 A 125 53.4 
Hemoglobin 1HDA157 A/B 141/145 68.9 
The percent of α-helix is obtained from the Protein Circular Dichroism Data Bank 




Cartesian coordinates generated with NAMD minimized protein structures were used 
to calculate the π-π* and n-π* CD spectra of proteins (see Appendix A for a tutorial on 
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running DInaMo/CDCALC). Currently, DInaMo/CDCALC treats only aliphatic amino 
acids (alanine, valine, proline, glycine, leucine, and isoleucine in their entirety); all other 
amino acids are truncated to alanine. Typically, alanine is chosen because it can be 
initially approximated from the current side chain and will not introduce strain onto the 
backbone.96 The nonchromophoric atoms of the protein were treated in six different 
ways: (1) the methyl (CH3) hydrogens were deleted prior to calculation. (2) Both the 
methyl and methylene (CH2) hydrogens were deleted. (3) All the methyl, methylene and 
methylidyne (CH) hydrogens were deleted leaving only amide hydrogens. (4) New mean 
polarizability parameter implemented for the methyl group only. (5) New mean 
polarizability parameter implemented for both the methyl and methylene groups. (6) New 
mean polarizability parameter implemented for methyl, methylene and methylidyne 
groups. See Chapter 3 for more information on mean polarizability calculations. 
 As stated in the theory section (Chapter 2), the chromophoric amides were reduced to 
a single point located along the N–C bond. The point anisotropic polarizability of the 
amide chromophore was either at the center of the N–C bond (o), shifted 0.1 Å towards 
the carbonyl carbon (x), or shifted 0.1 Å normal to the N–C bond from the center into the 
NC’O plane toward the carbonyl O (y). CDCALC for each protein was done on a Linux 
server (Fedora Core Linux 6, 64 bit) compiled with PGI Fortran77 compiler. The 
Eulerian angles between the first amide chromophore and successive ones were 
calculated (COR_EUL, a subroutine in DInaMo program, Figure 1A (Appendix A)).96 
The CDCALC portion of the program generated the normal modes and spectrum for each 
protein. Four different dispersive parameters were used for the calculations: the original 
parameters (OL)120 created for the dipole interaction model, the α-helical parameters(H)94 
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created for α-helical proteins, the poly-L-proline II parameters (J),94 and newly developed 
mean polarizability parameters (MP). The CD spectrum for each protein was computed 
for wavelengths between 175 and 250 nm with a step size of 1 nm and bandwidths of 
either 4,000 or 6,000 cm-1. 
CD Analyses 
!
CD results obtained with DInaMo/CDCALC were analyzed using Excel (Microsoft, 
Santa Rosa, CA) and plots generated with KaleidaGraph (Synergy Software (Reading, 
PA). These results were compared with experiment by evaluating the normalized root 
mean square deviation (RMSD) between experiments and calculated CD at each 
wavelength  for the total number of wavelengths  computed. For each protein, three 
different RMSDs are calculated: one for the 180 nm to 210 nm that corresponds to the π-
π* transition, another for the 210 nm to 230 nm region that corresponds to the n-π* 
transition, and one for the entire spectrum (175 nm to 250 nm). In addition, the Spearman 
rank correlation for the entire spectrum for all 15 proteins was done for each of the 
parameter sets studied.  
Results 
!
All predicted CD data are compared to SRCD data and the RMSD calculated (see 
Appendix C for complete analysis: Tables C1 to C15 and Figures C1 to C90). Comparing 
SRCD data to conventional CD data at the 180 to 250 nm region is essentially the same 
since the transitions (π-π* and n-π*) are the same. The only difference comes in at 
wavelengths below 180 nm. Conventional CD clearly experience a challenge in reaching 
low wavelengths due to background noise. Also, SRCD data is readily available in the 
λi nλ
! 70#
Protein Circular Dichroism Data Bank and is fully refereed making it an excellent choice 
over conventional CD for comparison to theoretical calculations.  The obtained results 
are discussed in two main categories: Proteins with less than 150 amino acid residues 
(small protein) in the structure studied are discussed in one group and those with more 
than 150 amino acids (large proteins) are discussed in another. 
Small Proteins 
!
Of the fifteen protein structures studied, seven have less than 150 amino acid residues 
(Table 8) in the chain(s) studied; results obtained with theses proteins are presented in 
this section. All seven proteins in this category  except sodium channel, 4F4L, (CATH 
classified as alpha-helical with a 65% alpha helix)6,142 have a α-helical content of less 
than  60%. Phospholipase A2, one of the proteins in this category, is an enzyme that 
catalyzes the hydrolysis of sn-2 bonds of membrane glycerophospholipids to liberate 
arachidonic acids and lysophospholipids.158 This catalytic process has a number of 
biological implications: modification of eicosanoid generation, inflammation, host 
defense, and altherosclerosis158. The phospholipase A2 1UNE150 structure is a small 
monomeric membrane protein made up of 123 amino acids. The α-helix is the dominant 
structure (44.7%), but there are small amounts of other secondary structures including 
some 310!helix 4.9%, β−strand 6.5%, β−bridge 2.4%, bonded turns16.3%, bend 5.7% and 





Figure 11. Phospholipase A2 Secondary Structure and CD. (Left) Phospholipase A2 (1UNE150) 
secondary structure elements: thick purple cartoons/coils correspond to α-helices (2–12, 40–57, 
59–63, 90–108), the short blue cartoons/coils correspond to 310-helices (18–21, 113–115) the 
yellow tapes are β-sheets, (75–78, 81–84) and the thin green ropes are turns and other structures. 
(Right) Phospholipase A2 DInaMo/CDCALC predicted CD spectrum with methyl group mean 
polarizability parameters implemented: both the π–π* and n–π* transitions are included in the 
calculations. Results are presented for both the 4,000 (!) and 6,000 (!) cm-1 bandwidths. 
Predicted CD is compared to experimental SRCD from the Protein Circular Dichroism Data Bank 
(CD0000059000) (•).21,42 
 
This is the second attempt at a theoretical prediction of far-UV CD for phospholipase 
A2 (1UNE150) with the dipole interaction model. A previous calculation96 with the dipole 
interaction model (DInaMo/CDCAL) involved only the π-π* transition and only the 
methyl hydrogens were excluded from the calculation. Matrix method predictions on 
phospholipase A2 (1UNE150) have been done.83 These predictions included two other 
transitions (charge transfer transitions and side chain transitions) to the normal π-π* and 
n-π* transition resulting from the protein backbone. With the matrix method, the best 
results are obtained with calculations in which all three transitions (protein backbone, 
charge-transfer, side chain) are implemented. The matrix method calculation gives good 
RMSD results in all three regions of interest (180–210 nm, 210–230 nm, and 175–250 
nm). The best RMSDs for these regions with the matrix method are 1.82 M-1cm-1, 1.52 
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M-1cm-1, and 1.68 M-1cm-1 respectively (Table C8). However, with the dipole interaction 
model (DInaMo/CDCALC), the best RMSD for the 180–210 nm region is 0.45 M-1cm-1 
(Figure 12). This value is obtained with calculations in which the methyl and methylene 
mean polarizability parameter are implemented with both the π-π* and n-π* transitions 
included. This same calculation gives the best RMSD (0.91 M-1cm-1) for the 175–250 
region. For the 210–230 nm region, the best RMSD (0.93 M-1cm-1) is obtained with the 
poly-L-proline parameter for calculations in which the methyl and methylene hydrogens 
are excluded and both the π-π* and the n-π* transitions are included (Table C8). This 
shows that the dipole interaction model slightly outperforms the matrix method for this 
protein. The best results for all set of calculations are obtained with the 6,000 cm-1 
bandwidth. The mean polarizability parameter and the original parameter gives best 
results while the worst results are observed with the helical parameters. 
The results for calculations with excluding methyl hydrogens only or excluding both 
methyl and methylene hydrogens are rather similar. However, excluding methyl, 
methylene, and methylidyne hydrogens gives slightly higher RMSDs (Table C8). Adding 
the n-π* amide transition significantly lowered the RMSDs for each set of calculations. 
The observed RMSD range for each of the regions of interest with the π-π* transition 
calculation is significantly reduced upon addition of the n-π* transition; the RMSD range 
for the 180–210 nm region (0.71–6.14 M-1cm-1) is reduced to 0.45–5.54 M-1cm-1; while 
that for the 210–230 nm region (1.06–4.61 M-1cm-1) is reduced to 0.93–2.34 M-1cm-1; and 
that for the entire spectrum (0.97–4.42 M-1cm-1) is reduced to 0.91–3.68 M-1cm-1. So, 
adding the n-π* transition does not only improves the results at the 210–230 nm region, 
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that typically represents this transition, but also significantly improves the results in the 
π-π* region (180–210 nm). 
Calculations Involving only the π-π* Transition with Small Proteins 
!
The general morphology and intensity of the CD spectrum in the π-π* region for all 
seven proteins for calculations including only the π-π* amide transition (Table 9) is 
reasonably replicated by all three parameters  (Appendix C, Tables C2, C3, C4, C5, C8, 
C10, and C14; Figures C7–C9, C13–C15, C19–C21, C25–C27, C43–C45, C55–C57, and 
C79–C81). For the 180–210 nm region that typically covers the π-π* amide transition, the 
predicted RMSDs range from 0.71 M-1cm-1 for phospholipase A2 (Table 9, and Table C8) 
to 14.67 M-1cm-1 for voltage gated potassium channel (Table C10, Figure 13).  The 210 to 
230 nm region typically covers the n-π* amide transition. This region is less significant 
here since the n-π* transition is not included in this set of calculations. It will however 
serve as a reference in subsequent discussions on calculations in which the n-π* transition 
is included. The predicted RMSDs in this region ranged from 1.02 M-1cm-1 for lysozyme 
(Table C5) to 6.50 M-1cm-1 for voltage gated potassium channel (Table C10). The 
RMSDs for the entire spectrum (175–250 nm) ranged from 0.96 M-1cm-1 for cytochrome 
c (Table C3) to 9.50 M-1cm-1 for voltage gated potassium channel. 
The parameter that yields the best results varies from protein to protein, and from one 
set of calculations (excluding methyl hydrogens; excluding methyl and methylene 
hydrogens; and excluding methyl, methylene, and methylidyne hydrogens) to another. 
However, it is interesting that for the small protein category, the mean polarizability 
parameter and the original parameter consistently give better results than the helical and 
poly-L-proline parameters.  Of the seven proteins in the small protein set, best RMSDs 
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with the helical parameter is observed only with lysozyme (Table 9), while no single 
protein gives best results with the poly-L-proline parameter. The poly-L-proline 
parameter sporadically gives good results for some calculations with cytochrome c, 
phospholipase A2, and large conductance mechanosensitive channel (Table 9). Better 
results are consistently obtained with the 6,000 cm-1 bandwidth than the 4,000 cm-1 
bandwidth. Good results with the 4,000 cm-1 bandwidth are obtained with a single protein, 
lysozyme (Table 9). On the calculations with excluding different sets of hydrogens, it is 
observed that excluding methyl and methylene hydrogens gives better results than 
excluding only methyl hydrogens for most proteins, while the worst RMSDs are mostly 
obtained with excluding methyl, methylene, and methylidyne hydrogens (Table 9). For 
the mean polarizability parameter, while implementation of methyl mean polarizability 
and also both methyl and methylene polarizability does a good job at predicting the π-π* 
far-UV CD of most proteins in this set (e.g., phospholipase A2 and cytochrome c, Table 
9), adding the methylidyne mean polarizability rather raise the obtained RMSDs. For all 
seven proteins in this set, the worst results are obtained with calculations in which all 
three (methyl, methylene and methylidyne) mean polarizability parameters are 
implemented. 
Calculations Involving Both the π-π* and n-π* Transition with Small Proteins 
!
 Including the n-π* transition significantly lowers the observed RMSDs (Table 9). 
This is clearly seen with lysozyme, cytochrome c, phospholipase A2, and calmodulin. It 
is interesting that adding the n-π* transition does not only lower the RMSD in the 210–
230 nm (that typically represents this transition), but also significantly lowers the RMSD 
in the π-π* region (180–210 nm). In all seven proteins in this category, the parameter that 
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gives the best results with the π-π* transition calculations only also gives the best results 
when the n-π* transition is added. Also, the bandwidths are  maintained, with the 6,000 
cm-1 bandwidth giving best results for all proteins but for lysozyme. Including the n-π* 
transition with the mean polarizability parameter slightly improved the results with the 
methyl and methylene mean polarizability parameters. Interestingly, the poor results that 
were obtained with the addition of the methylidyne mean polarizability parameter with 
the π-π* transition calculations became improved upon addition of the n-π* transition 
(Appendix C). 
Voltage gated potassium channels are membrane proteins that play a vital role in a 
variety of cellular processes including the functioning of excitable cells, regulation of 
apoptosis, cell growth and differentiation, the release of neurotransmitters and hormones, 
and maintenance of cardiac activity.159 Defects in the functioning of these channel 
proteins may lead to severe genetic disorders and the development of malignant tumors. 
Voltage gated potassium channel, 1J95156, is a homotetrameric membrane protein that has 
been shown to regulate the firing frequency of neurons through an inactivation 
mechanism (the process by which voltage-dependent K+ channels rapidly close after 
having been open during depolarization). Each monomeric unit consists of 125 amino 
acids, and is CATH classified as mainly alpha with orthogonal bundles.142 The secondary 
structure is composed of 53.4% α-helix, 10.6% bonded turns, 4.8% bend and 31.2% 




Figure 12. Secondary Structure and CD of Voltage Gated Potassium Channel. (Left) Secondary 
structure of voltage gated potassium channel (1J95)156: Thick purple coils correspond to α-helices 
(26–51, 62–73, 88–116), and the thin green ropes are turns and  irregular structures on chain A 
(the chain studied). Chains B, C, and D are colored red, blue and yellow respectively. (Right) 
Voltage gated potassium channel DInaMo/CDCALC predicted CD spectrum with methyl 
hydrogens ignored: Both the π–π* and n–π* transitions are included in the calculations. Results 
are presented for both the 4,000 (!) and 6,000 (!) cm-1 bandwidths with the original parameters 
(OL). Predicted CD is compared to experimental SRCD from the Protein Circular Dichroism 
Data Bank CD000011000021,160 (•). 
 
This is the first attempt at a theoretical prediction of far-UV CD with voltage gated 
potassium channel. The best results with this protein are consistently obtained with the 
6,000 cm-1 bandwidth original parameter (Table 9) for all sets of calculations with both 
the π-π* and n-π* amide transitions. On the other hand, very high RMSDs are obtained 
with the poly-L-proline parameter set. Calculations with mean polarizability values gives 
good results with this protein; the second best RMSDs are most often obtained with the 
mean polarizability implementation for both the π-π* and n-π* calculations. Excluding 
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methyl hydrogens or both methyl and methylene hydrogens gives better results than 
calculations in which methyl, methylene, and methylidyne hydrogens are excluded 
(Figures C79–C84, Appendix C). Including the n-π* transition with this protein does not 
improve the RMSDs in the π-π* region significantly, but normal modes are clearly 
occurring in the right position and sign in the 210-230 nm region (Figures C82–C84). 
Sodium channel, 4F4L,152 a voltage gated membrane channel protein crystalized from 
Magnetococcus marinus, is a homotetrameric protein with each monomer made up of 
112 amino acid residues. Voltage-gated sodium channels are composed of two domains, 
the pore domain that provides the transmembrane pathway for the flow of ions, and the 
voltage-sensor domain that is responsible for voltage-mediated gating of the pore.152 
4F4L is a predominantly alpha helical protein (Figure 14), however it has no CATH 
classification and the PCDDB has no information on the secondary structural components 
(Figure 14). 
To the best of our knowledge, this is the first attempt at predicting the far-UV CD of 
voltage gated sodium channel theoretically. Unlike the other proteins in the small protein 
category that gives really good results with the original and helical parameters, bests 
RMSDs for voltage gated sodium channel are obtained with the poly-L-proline parameter 
set (Table 9, and Table C10). The worst RMSD (14.67 M-1cm-1) is obtained with the 
4,000 cm-1 Hx parameter set; this is the highest RMSD observed for all seven small 
proteins studied. This value is obtained for the π-π* calculation with calculations in 
which methyl, methylene, and methylidyne hydrogens are excluded. Similar to the other 
small proteins, good results are obtained with calculations in which both the methyl and 
methylene hydrogens are excluded for both the π-π* and n-π* calculations, while the 
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worst results are obtained when all three groups of hydrogens (methyl, methylene, and 
methylidyne) are excluded. Though the mean polarizability calculations with this protein 
gives poor results, the 6,000 cm-1 bandwidth calculation with mean polarizability values 
gives results with a low RMSD (2.18 M-1cm-1) for the entire spectrum for calculations in 
which all three mean polarizabilty values are implemented with the n-π* transition (Table 
C10). Addition of the n-π* transition clearly puts normal modes in the right location and 
sign (Figure C58–C60, Appendix C). 
 
 
Figure 13. Sodium Channel CD and Secondary Structure. (Left) Sodium channel (4F4L)152 
secondary structure: Thick purple cartoons/coils correspond to α-helices (9–28, 33–36, 39–50, 
60–63, 71–89), and green ropes are turns and other structures on chain A (the chain studied); 
chains B, C, and D are colored red, blue and yellow respectively. (Right) Sodium channel 
DInaMo/CDCALC predicted CD spectrum on (4F4L) PDB structure with methyl and methylene 
hydrogens excluded: Both π–π* and n–π* transitions are included in the calculations. Results are 
presented for both the 4,000 (!) and 6,000 (!) cm-1 bandwidths for poly-L-proline II parameters. 
Predicted CD is compared to experimental SRCD from the Protein Circular Dichroism Data Bank 
CD0004012000 (•).21,152  
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Table 9. CD Analysis of α-Helical Proteins with less than 150 Amino Acid Residues in the Chain(s) Studied 




























a SRCD 192 12.30 208 -6.58 223 -6.98 0.00 0.00 0.00 
b 6000OL 192 9.30 209 -6.51 223 -2.69 1.73 3.05 1.97 
c 6000OL 192 9.60 209 -6.63 223 -2.62 1.57 3.10 1.95 
d 6000OL 190 10.21 207 -6.19 223 -1.98 2.05 3.70 2.38 
e 6000OL 192 8.58 209 -5.29 223 -2.91 2.22 2.98 2.13 
f 6000OL 192 9.17 208 -5.04 223 -2.74 1.95 3.16 2.09 
g 4000Jo 193 12.38 209 -6.73 223 -3.39 1.99 2.50 1.83 
i B09:2 192 11.93 210 -8.21 223 -4.50 0.93 1.99 1.62 
Leptin          
a SRCD 192 13.2 207 -7.48 223 -6.75 0.00 0.00 0.00 
b 6000OL 192 10.50 210 -7.26 223 -3.139 3.09 2.65 2.47 
c 6000OL 192 12.16 210 -7.17 223 -3.028 2.07 2.73 2.13 
d 6000OL 191 12.12 208 -7.09 223 -2.46 2.40 3.21 2.61 
e 6000OL 192 10.19 209 -5.66 223 -3.30 2.93 2.72 2.49 
f 6000OL 192 10.72 208 -5.58 223 -3.23 2.91 2.79 2.53 
g 6000OL 191 11.52 207 -5.43 223 -2.74 2.93 2.83 2.85 
h SI 192 13.40 209 -10.85 223 -6.92 2.44 2.40 2.70 
Lysozyme          
a SRCD 191 6.01 207 -4.68 223 3.41 0.00 0.00 0.00 
b 4000Hy 192 5.11 208 -6.13 223 -1.27 1.08 1.67 1.16 
c 4000Hy 191 7.68 208 -5.85 223 -1.15 0.94 1.77 1.15 
d 6000Hx 189 5.40 207 -3.58 223 -1.18 1.10 1.85 1.24 
e 4000Hy 191 6.86 206 -4.39 223 -1.49 0.50 1.70 0.96 
f 4000Hy 191 6.87 206 -4.62 223 -1.58 0.74 1.62 0.99 
g 6000Hx 189 5.71 207 -2.56 223 -1.31 1.34 1.95 1.35 
jSrWo1 190 6.39 207 -2.05 223 -2.66 0.88 1.11 1.11 
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Table 8. Cont. 




























a SRCD 195 4.31 223 -4.36 223 -4.36 0.00 0.00 0.00 
b* 6000MP 193 4.13 209 -4.14 223 -1.88 0.72 1.77 1.05 
c* 6000MP 194 4.72 210 -3.37 223 -1.58 0.74 2.01 1.17 
d 6000Jx 194 4.95 214 -3.61 223 -2.39 1.31 1.39 1.04 
e* 6000MP 193 4.21 210 -3.12 223 -1.90 0.69 1.79 1.05 
f 6000OL 192 5.06 209 -3.30 223 -1.86 0.70 1.83 1.06 
g 6000Jx 194 4.46 214 -2.73 223 -2.28 1.10 1.53 1.09 
k BA98:2 191 4.53 206 -7.61 223 -0.85 1.18 2.70 1.84 
Phospholipase A2 
a SRCD 192 6.96 209 -4.63 223 2.42 0.00 0.00 0.00 
b* 6000MP 192 7.86 210 -5.73 223 -2.74 0.71 1.65 1.06 
c* 6000MP 192 7.36 210 -5.69 223 -2.65 0.75 1.70 1.11 
d 6000Jx 193 6.14 214 -5.31 223 -3.36 0.95 1.27 0.97 
e 6000OL 191 7.77 209 -4.78 223 -2.87 0.65 1.42 0.94 
f* 6000MP 192 7.40 210 -4.62 223 -2.79 0.45 1.49 0.91 
g 6000Jx 192 6.24 213 -4.12 223 -3.20 0.86 1.17 0.91 
i B09:3 191 9.37 209 -7.25 223 -3.87 1.83 1.53 1.68 
Sodium Channel 
a SRCD 196 15.30 224 -7.31 223 -7.20 0.00 0.00 0.00 
b 6000Jy 196 10.31 214 -6.97 223 -4.29 2.79 2.43 2.31 
c 6000Jy 196 9.83 213 -7.12 223 -4.22 2.82 2.49 2.34 
d 6000Jx 193 10.51 214 -8.39 223 -5.45 3.64 2.20 2.65 
e 4000Jo 195 18.64 211 -9.12 223 -5.60 2.89 1.81 2.11 
f 4000Jo 195 16.92 211 -9.70 223 -5.72 2.58 1.97 2.00 
g* 6000MP 194 11.09 213 -5.76 223 -4.50 2.88 1.97 2.18 
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Table 8. Cont. 



























Voltage Gated Potassium Channel 
a SRCD 192 15.00 209 -6.09 223 -5.75 0.00 0.00 0.00 
b 6000OL 192 14.63 211 -9.71 223 -4.60 2.74 2.08 2.14 
c 6000OL 192 14.72 210 -9.69 223 -4.34 2.63 2.03 2.07 
d 6000OL 190 15.27 208 -9.66 223 -3.59 3.21 1.97 2.39 
e 6000OL 192 14.18 210 -7.58 223 -4.65 2.44 0.98 1.77 
f 6000OL 191 13.82 209 -7.63 223 -4.50 2.60 1.03 1.86 
g 6000OL 190 15.25 208 -7.40 223 -3.82 2.60 1.36 1.90 
a SRCD from the Protein Circular Dichroism Data Bank.21 
b CDCALC using  PDB structure minimized via NAMD/CHARMM22, CH3 hydrogens are deleted prior to calculations and only the π–π* transition is 
included in the calculation. 
 c CDCALC using PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, and CH2 groups are deleted prior to calculations. 
Only the π–π* transition is included in the calculation. 
d CDCALC using PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, CH2, and CH groups are deleted prior to 
calculations. Only the π–π* transition is included in the calculation. 
e CDCALC using PDB structure minimized via NAMD/CHARMM22, CH3 hydrogens are deleted prior to calculations. Both π–π* and n–π* transitions 
are included in the calculation. 
f CDCALC using PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, and CH2 groups are deleted prior to calculations. 
Both the π–π* and n–π* transitions are included in the calculation. 
g CDCALC using PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, CH2, and CH groups are deleted prior to 
calculations. Both the π–π* and n–π* transitions are included in the calculation. 
*CDCALC using mean polarizability values for the aliphatic carbons instead of ignoring the hydrogens – all transition parameters yield the same results. 
iMatrix method including protein backbone, charge transfer and side chain transitions.83 
hExciton Hamiltonian with Electrostatic Fluctuations (EHEF) method SI (a single conformation).161  
j Matrix method with semi empirical parameters.86  
kBA98:2 Dipole interaction model with Hy parameter set at 6000 cm−1.66  
j Matrix method including protein backbone, charge transfer, and side chain transitions.83  
It should be noted that the parameter with the best RMSD for the 180–210 nm and the 175–250 nm wavelength does not always turn to give best results 





Among the fifteen α-helical proteins studied, eight have more than 150 amino acid 
residues in the chain(s) of interest. Six of the eight proteins have been classified21 to have 
an α-helical content of 60% or more (Table 8), with calexcitin and large 
mechanosensitive channels being the only exceptions with 58.4% and 52.8% α-helical 
contents respectively.  
Hemoglobin (1HDA157, Figure 15)  is a hetero-4-mer made up of two identical alpha 
chains (A and C) and two identical beta chains (B and D). The 1HDA structure has been 
CATH142 classified as mainly alpha with a 68.9% α-helix content, 7.9% 310-helix, 9.3% 
boded turn, 2.1% bend and 11.9% irregular.21 Beside the well known function of 
hemoglobin as an oxygen transport molecule in blood, it has also been shown to function 
as a molecular heat transducer through its oxygenation-deoxygenation cycle.162 
Hemoglobin also functions as a very important pH buffer in blood163, and it has been 
shown to have some links with genetic resistance to malaria.162 
This is the first attempt at a theoretical prediction of far-UV-CD of hemoglobin with 
the dipole interaction model. Matrix method predictions with both ab initio84 and 
semiempirical141 parameters have been done with hemoglobin. The best RMSDs obtained 
with the matrix method are 1.74 M-1cm-1, 1.38 M-1cm-1, and 1.89 M-1cm-1 for the 180–
210 nm, 210–230 nm and 175–250 nm regions respectively. In comparison, the best 
RMSDs obtained with the dipole interaction model are 0.94 M-1cm-1, 1.50 M-1cm-1, and 
1.78 M-1cm-1 respectively. This shows the dipole interaction method performs better in 
the 180-210 nm region than the matrix method, while the matrix method slightly out 
performs the dipole interaction method in the 210–230 nm region. The latter is expected 
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since the n-π* transition has been fully parameterized with the matrix method, and 
transitions such as the aromatic side chain contributions which also influence the CD 
signal in this region are also taken into account with the matrix method. 
!
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Figure 14. Hemoglobin Secondary Structure and CD. (Left) Hemoglobin (1HDA157) secondary 
structure: Thick purple cartoons/coils correspond to α-helices (4–35, 53–71, 76–79, 81–89, 96–
112, 119–136) in chain A and chain B (4–14, 19–33, 50–74, 80–93, 100–117, 123–141); Short 
blue coils are 310-helices in chains A and B (chains studied), and the green ropes are turns and 
other structures in both chains; chains C and D are colored red and yellow respectively . (Right) 
Hemoglobin DInaMo/CDCALC predicted CD spectrum on (1HDA) PDB structure with methyl 
and methylene hydrogens excluded: Both π–π* and n–π* transitions are included in the 
Calculations. Results are presented for both the 4,000 (!) and 6,000 (!) cm-1 bandwidths for 
poly-L-proline II parameters. Predicted CD is compared to experimental SRCD from the Protein 
Circular Dichroism Data Bank CD0000037000 (•).21,42 
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With the dipole interaction model, best results with this protein are obtained with the 
poly-L-proline (J) parameter at the 4,000 cm-1 bandwidth (Figure 15, Tables 10 and C15), 
while the worst results are obtained with the helical parameter with the 4,000 cm-1 
bandwidth. Calculations with excluding either the methyl hydrogens or both the methyl 
and methylene hydrogens gives very similar results, while excluding methyl, methylene, 
and methylidyne hydrogens gives results with slightly higher RMSDs (Table C15). The 
worst results with the dipole interaction model are obtained with calculations in which 
the mean polarizability parameters for all three groups (methyl, methylene, and 
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methylidyne groups) are implemented with the π-π* transition (Figure C87). However, 
including the n-π* transition significantly improved these results (Figure C90). 
Calculations Involving only the π-π* Transition with Large Proteins 
!
The general morphology, peak position, and intensity of the far-UV CD spectra of 
large α-helical proteins are closely simulated with DInaMo/CDCALC. For the eight 
proteins of interest in this category (Table 10 sections b, c, and d), the obtained RMSDs 
for the 180–210 nm region ranges from 1.46 M-1cm-1 for hemoglobin (Table 10) to 13.16 
M-1cm-1 for bacteriorhodopsin (Table C1). For the 210–230 nm region, the observed 
RMSDs ranges from 0.83 M-1cm-1 for rhomboid peptidase (Table C9) to 8.08 M-1cm-1 for 
sperm whale myoglobin (Table C7). The 175–250 RMSDs ranges from 1.65 M-1cm-1 for 
rhomboid peptidase (Table C9) to 8.71 M-1cm-1 for bacteriorhodopsin (Table C1). The 
obtained RMSDs in all three regions of interest are slightly higher that those obtained 
with the small protein category. The poly-L-proline parameter gives the best results for 
all proteins in this category (Table 10) while the worst results are obtained with the 
helical parameter. It is difficult to pick a single bandwidth that more accurately predicts 
the CD spectra, since there is an even split in the number of proteins that show best 
results with each of the bandwidths (Table 10). Excluding either methyl hydrogens; 
methyl and methylene hydrogens; or methyl, methylene, and methylidyne hydrogens 
gives reasonable predictions; the difference in obtained RMSDs is small. Using the 
methyl group mean polarizability parameter, or both the methyl and methylene mean 
polarizability parameters gives good results with a few proteins (calexcitin and 
Rhomboid peptidase), while adding the methylidyne mean polarizability parameters 
skews results by greatly for all eight proteins (Appendix C).  
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Calculations Involving both the π-π* and n-π* Transition with Large Proteins 
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Adding the n-π* transition significantly lowers the observed RMSDs (Table 10) for 
most of the proteins in this category. This is clearly seen with horse myoglobin, sperm 
whale, calexcitin, and hemoglobin. As noted earlier with the small protein set, adding the 
n-π* transition does not only lower the RMSDs in the n-π* region, but also slightly 
lowers the RMSDs in the π-π* region for most proteins. The parameter and bandwidth 
that show the best results with the π-π* transition calculations, also shows best results 
upon addition of the n-π* transition in most proteins. Adding the n-π* transition with the 
mean polarizability parameter slightly improves the results with the methyl and 
methylene mean polarizability parameter. Again, as noted with the small protein set, 
addition of the n-π* transition greatly improves predictions in which  methylidyne mean 
polarizability values are used. 
Calexcitin is a neuronal calcium-sensor protein that has been shown to regulate 
potassium channels and the ryanodine receptor (class of intracellular calcium channels 
involved in various signaling pathways). Thus, calexcitin is implicated in neuronal 
excitation and plasticity.154 Herein, the CD of calexcitin (2CCM)164 crystalized from a 
squid (Doryteuthis pealeii) is predicted (Figure16). 2CCM is a monomeric protein with a 
191 amino acid residues. It is a predominantly alpha helical protein with a 58.4% α-
helical content (Figure 16). Other secondary structures in the protein include: 310-helices 
(3.7%), beta strand (2.1%), beta bridge (1.0%), bonded turns (11.8%), bends (4.7%), and 
irregulars (18.0%). This protein has been CATH classified as being mainly alpha helical 





Figure 15. Calexcitin CD and Secondary Structure. (Left) Calexcitin (2CCM)152 secondary 
structure: thick purple cartoons/coils correspond to α-helices (8–21, 32–46, 53–73, 83–98, 105–
118, 128–136, 142–152, 162–174); short blue cartoons/coils correspond to 310-helices (181–184) 
the yellow tapes are β-sheets, (29–30, 81–82) green ropes are turns and other structures. (Right) 
Calexcitin DInaMo/CDCALC predicted CD spectrum on (2CCM) PDB structure with methyl and 
methylene hydrogens excluded: Both π–π* and n–π* Transitions are Included in the Calculations. 
Results are presented for both the 4,000 (!) and 6,000 (!) cm-1 bandwidths for poly-L-proline II 
parameters (Jo). Predicted CD is compared to experimental SRCD from the Protein Circular 
Dichroism Data Bank CD0004676000 (•).21,164 
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This is the first attempt at a theoretical prediction of calexcitin far-UV CD. With 
DInaMo/CDCALC, the best RMSD for calexcitin is obtained with calculations in which 
all methyl, methylene, and methylidyne hydrogens are excluded (Table 10). This result is 
observed with the 4,000 cm-1 bandwidth, Jx parameter for calculations including both the 
π-π* and n-π* amide transitions. For this protein, good results are generally obtained with 
the poly-L-proline parameter for all calculations. Results with the helical parameters are 
blue-shifted (Figures C67 and C72) and tend to give high RMSDs, while the original 
parameters correctly locate the position of the bands, but the intensities are off. Similar to 
the original parameters, the mean polarizability value implementations correctly locate 
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the positions of the bands but the intensities are off; the 4,000 cm-1 bandwidth over 
estimates the intensity of the ~190 nm band while the 6,000 cm-1 bandwidth under 
estimates the intensity of this band. However, the intensity of the ~210 nm band is 
closely reproduced by the 6,000 cm-1 bandwidth for calculations with mean polarizability 
values except that with all three mean polarizability values implemented with the π-π* 
amide transition only. When the n-π* amide transition is included, the mean polarizability 
value predictions with all three (methyl, methylene, and methylidyne) mean polarizability 
values give results that closely replicate the desired SRCD data. Similar to what is 
observed with other proteins in the small protein category, addition of the n-π* amide 
transition significantly lowers the RMSDs for all three region of interest (Table C12). 
Rhomboid peptidases are members of a family of regulated intramembrane peptidases 
that cleave the transmembrane segments of integral membrane proteins. They have been 
shown to play a vital role in apoptosis (programed cell death).151 Rhomboid peptidase 
(2NR9)151 crystalized from a gram-negative bacteria (Haemophilus influenza) is a 
monomeric protein with 196 amino acids. Its secondary structure (Figure 17) is 
composed of 61.7% α-helices, 4.1% 310-helices, 6.5% β-strand, 10.7% bonded turns, 
7.7% bends, and 15.8% irregular.21 CATH classifies rhomboid peptidase as a single 







Figure 16. Rhomboid Peptidase CD and Secondary Structure. (Left) Rhomboid peptidase 
(2NR9)151 secondary structure: thick purple cartoons/coils correspond to α-helices (10–27, 31–38, 
52–55, 63–84, 86–108, 116–131, 153–156, 166–191); short blue cartoons/coils correspond to 310-
helices (44–48, 56–58); and the green ropes are turns and other structures. (Right) Rhomboid 
peptidase DInaMo/CDCALC predicted CD spectrum on (2NR9) PDB structure with methyl, 
methylene, and methylidyne hydrogens excluded: Both π–π* and n–π* transitions are included in 
the calculations. Results are presented for both the 4,000 (!) and 6,000 (!) cm-1 bandwidths with 
the original parameter (OL). Predicted CD is compared to experimental SRCD from the Protein 
Circular Dichroism Data Bank (CD0000109000) (•).21,160 
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This is the second attempt at a theoretical prediction of far-UV CD of rhomboid peptidase 
with the dipole interaction model. Previous calculations have been done with excluding 
methyl hydrogens only and these calculations were done with both CDCALC and 
CAPPS97. Similar to what is observed with DInaMo/CAPPS, the poly-L-proline 
parameter (6,000 cm-1 Jx) gives best RMSD for calculations in which methyl hydrogens 
are excluded (Table C9). Also, as previously noted with the dipole interaction model CD 
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prediction of rhomboid peptidase,96 results with the helical, and original parameters are 
slightly blue-shifted while those with the poly-L-proline parameters are red shifted 
(Figures C49–C54). However, when both the methyl and methylene hydrogens are 
excluded, or when methyl, methylene, and methylidyne hydrogens are excluded, the best 
RMSDs are obtained with the original parameter set (Table 10), with the 6,000 cm-1 OL 
closely replicating the ~190 nm peak while the 4,000 cm-1 OL parameter more closely 
reproduces the ~210 nm band. Calculations with the mean polarizability values for 
rhomboid peptidase gives really good results; the second best RMSDs for most 
calculations are obtained with the mean polarizability value implementation. The 6,000 
cm-1 bandwidth predictions with the mean polarizability values closely replicate both the 
~190 nm and the ~210 nm bands. Again, as observed with other proteins, the only 
limitation with the mean polarizability predictions is for calculations in which all three 
mean polarizability values are implemented with the π-π* transition only. However this 
issue is fixed when the n-π* amide transition is added. Addition of the n-π* amide 
transition significantly improves results in all three regions of interest, especially for 
calculations in which all three groups of hydrogens are excluded. In addition, calculations 
with the n-π* amide transition shows normal modes in the right location and sign around 
the 230 nm region.   
Mechanosensitive channels are a fundamental class of membrane proteins capable of 
detecting and responding to mechanical stimuli originating from external or internal 
environments. In animals, the sensations of touch and hearing require the functions of 
mechanosensitive channels. Defects and mutations in this class of proteins in humans is 
associated with diseases like cardiac arrhythmias, hypertension, neuronal and muscle 
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degeneration, and polycystic kidney disease.165 In plants and bacteria they fulfill 
functional roles as emergency valves and protect cells from acute hypotonic osmotic 
stress in the environments.166 Herein, a mechanosensitive channel of large conductance, 
2OAR151, crystalized from a bacterium (Mycobacterium tuberculosis) is studied. The 
protein is a homopentamer with each chain consisting of 174 amino acids. It has been 
CATH classified as mainly alpha helical with up-down bundles.142 Though the secondary 
structure (Figure 18) is predominantly α-helical (52.8%), it also contains a small amount 




Figure 17. Mechanosensitive Channel Secondary Structure and CD. (Left) Mechanosensitive 
channel (2OAR)151 secondary structure: Thick purple cartoons/coils correspond to α-helices (25–
33, 36–60, 62–69, 92–112, 114–123, 129–146), yellow tapes are β-sheets, (74–76, 88–90) and the 
thin green ropes are turns and other structures on chain A (the chain studied); chains B, C, D, and 
E are colored red, blue, cyan, and orange respectively. (Right) Mechanosensitive channel 
DInaMo/CDCALC predicted CD spectrum with methyl group hydrogens ignored: both the π–π* 
and n–π* transitions are included in the calculations. Results are presented for both the 4,000 (!) 
and 6,000 (!) cm-1 bandwidths. Predicted CD is compared to experimental SRCD from the 
Protein Circular Dichroism Data Bank CD0000115000 (•).21,160 The 4, 000 cm-1 bandwidth 
closely reproduce the peaks at ~195 and 210 nm. 
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To the best of our knowledge, this is the first attempt at a theoretical prediction of far-
UV CD of large conductance mechanosensitive channel, 2AOR151.  DInaMo/CDCALC 
does a good job at predicting the far-UV CD of this protein with RMSDs ranging from 
2.15 M-1 cm-1 to 7.29 M-1 cm-1 for the 175–250 nm region (Table C10). For calculations 
with excluding methyl hydrogens, or excluding both methyl and methylene hydrogens, 
the 6,000 cm-1 bandwidth original parameter (OL) gives the best RMSDs and the second 
best RMSDs are obtained with mean polarizability calculations. For both the original and 
mean polarizability calculations, the 6,000 cm-1 bandwidth closely reproduces both the 
~190 nm and ~210 nm bands. Also, for calculations with excluding methyl hydrogens or 
methyl and methylene hydrogens, results with the helical parameters are blue-shifted, 
while those with the poly-L-proline parameters are red-shifted (Figures C55–C60). 
However, when methylidyne hydrogens are excluded alongside the methyl and 
methylene hydrogens, the best RMSDs are obtained with the 6,000 cm-1 bandwidth Jx 
parameter while the 4,000 cm-1 OL gives very high RMSDs. When methyl, methylene, 
and methylidyne hydrogens are excluded or methyl, methylene and methylidyne mean 
polarizabiltity values are implemented, obtained results are extremely blue-shifted, hence 
very high RMSDs. Nevertheless, addition of the n-π* amide transitions with the 
aforementioned calculations correct the extremely previously observed blue-shifts. In 
addition, including the n-π* amide transition for large conductance mechanosensitive 
channels does not only put normal modes in the right location for the 210–230 nm region, 
but it also significantly lowers the observed RMSDs in the π-π* region.  
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Table&10. CD Analysis of α-Helical Proteins with 150–300 Amino Acid Residues in the Chain(s) Studied. 
!




























a SRCD 195 15.67 224 -6.70 223 -6.69 0.00 0.00 0.00 
b 6000Jo 195 10.21 215 -7.49 223 -5.30 3.18 1.74 2.26 
c 4000Jx 195 18.30 214 -14.69 223 -8.19 2.47 5.66 3.33 
d 6000Jx 194 10.66 215 -8.20 223 -5.52 3.18 2.05 2.33 
e 4000Jx 195 17.79 212 -10.02 223 -6.56 2.20 2.52 2.01 
f 4000Jx 195 18.18 212 -9.83 223 -6.39 2.22 2.37 1.95 
g 6000Jx 193 9.99 214 -6.15 223 -5.06 3.65 1.19 2.47 
h 6000Hy 191 12.11 208 -9.61 223 -3.63 6.00 2.79 4.77 
Horse Myoglobin 
a SRCD 192 16.75 209 -7.51 223 -8.04 0.00 0.00 0.00 
b 4000Jx 194 14.59 214 -13.65 223 -6.92 2.99 3.82 2.80 
c 4000Jx 194 15.12 214 -13.67 223 -6.66 2.76 3.84 2.71 
d 4000Jx 193 15.65          213 -13.58 223 -5.88 2.42 3.83 2.57 
e 4000Jx 194 14.78 212 -9.70 223 -6.23 2.68 1.46 1.99 
f 4000Jx 194 15.46 211 -9.98 223 -6.21 2.43 1.54 1.87 
g* 4000MP 193 17.67 210 -11.32 223 -6.23 2.63 1.81 2.08 
hMM1 192 15.08 211 -11.16 223 -5.82 3.13 2.28 3.19 
Sperm Whale Myoglobin 
a SRCD 193 17.33 210 -8.66 223 -8.66 0.00 0.00 0.00 
b 4000Jx 194 17.10 214 -13.64 223 -6.71 3.08 3.85 2.88 
c 4000Jx 194 16.07 214 -13.84 223 -6.61 3.37 3.96 3.06 
d 4000Jx 193 17.50 213 -13.74 223 -5.79 2.52 4.01 2.73 
e 4000Jx 194 15.90 211 -10.46 223 -6.46 3.28 1.82 2.42 
f 4000Jx 194 17.01 211 -9.83 223 -6.13 2.76 1.83 2.12 
g 4000Jx 193 17.79 210 -9.53 223 -5.67 2.10 2.09 1.84 
yOH06:2 192 16.12 210 -11.11 223 -5.39 3.19 2.79 3.05 
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Table 10. Cont. 




























a SRCD 194 13.2 210 -5.77 223 -5.38 0.00 0.00 0.00 
b 6000Jx 192 11.33 209 -8.15 223 -3.31 2.07 1.69 1.65 
c* 6000MP 194 10.54 211 -7.27 223 -3.36 2.14 1.53 1.66 
d 6000OL 193 8.33 214 -7.26 223 -4.70 2.66 1.05 1.88 
e 6000Jx 192 11.08 209 -6.22 223 -3.50 1.97 1.27 1.52 
f 4000OL 195 14.63 211 -8.83 223 -5.53 2.08 1.61 1.76 
g 4000OL 194 15.22 210 -9.43 223 -5.36 1.64 1.67 1.53 
 Mechanosensitive Channel          
a SRCD 193 12.67 222 -6.15 223 -6.12 0.00 0.00 0.00 
b 6000OL 192 13.30 211 -8.32 223 -3.98 2.72 1.97 2.31 
c 6000OL 192 13.38 210 -8.55 223 -3.79 2.93 2.06 2.45 
d 6000Jx 193 9.12 214 -7.37 223 -4.93 3.43 1.37 2.50 
e 6000OL 192 12.85 210 -6.46 223 -4.05 2.64 1.43 2.15 
f 6000OL 192 13.10 209 -6.57 223 -3.89 2.73 1.55 2.23 
g 6000Jx 193 9.21 214 -5.42 223 -4.39 3.35 1.16 2.44 
Calexcitin 
a SRCD 193 12.50 208 -6.12 223 -5.52 0.00 0.00 0.00 
b* 6000MP 193 9.45 210 -6.75 223 -2.99 2.32 1.78 1.85 
c 6000OL 192 9.99 210 -6.99 223 -2.90 2.36 1.85 1.89 
d 4000Jo 193 14.32 212 -10.32 223 -3.76 2.10 2.54 1.98 
e 4000Jx 195 12.21 211 -7.55 223 -4.74 2.16 0.75 1.54 
f 4000Jx 195 12.33 211 -7.47 223 -4.66 2.20 0.74 1.56 
g 4000Jx 193 13.69 210 -7.86 223 -4.50 1.86 0.85 1.36 
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Table 10. Cont. 




























a SRCD 192 20.20 220 -8.32 223 -8.03 0.00 0.00 0.00 
b 6000OL 192 13.19 211 -8.99 223 -4.56 4.71 2.45 3.29 
c 4000Jx 194 17.29 214 -14.07 223 -6.93 4.82 3.63 3.62 
d 4000Jx 193 18.55 213 -14.22 223 -6.14 3.70 3.72 3.06 
e* 4000MP 192 23.65 208 -12.29 223 -5.38 4.66 1.96 3.17 
f 4000Jx 194 16.73 211 -10.17 223 -6.43 4.70 1.34 3.15 
g* 4000MP 193 21.43 210 -11.88 223 -6.31 3.53 1.70 2.51 
h B09:1 192 17.69 210 -11.57 223 -5.43 2.96 2.45 3.18 
Hemoglobin 
a SRCD 194 14.85 221 -7.61 223 -7.44 0.00 0.00 0.00 
b 4000Jo 195 13.81 213 -12.51 223 -5.65 1.85 3.43 2.16 
c 4000Jx 194 14.25 214 -13.23 223 -6.25 1.46 3.78 2.18 
d 4000Jx 193 14.52 213 -13.23 223 -5.52 1.76 3.75 2.26 
e 4000Jx 194 13.36 211 -8.89 223 -2.91 1.33 3.25 1.96 
f 4000Jx 194 14.61 211 -8.99 223 -3.09 0.94 3.12 1.78 
g 4000Jx 193 13.29 210 -9.49 223 -2.90 1.55 3.29 2.01 
j B09:3 192 11.87 210 -9.49 223 -5.43 1.74 2.09 1.89 
a SRCD from the Protein Circular Dichroism Data Bank.21 b CDCALC using PDB structure minimized via NAMD/CHARMM22, CH3 hydrogens are 
deleted prior to calculations and only the π–π* transition is included in the calculation. cCDCALC using PDB structure minimized via 
NAMD/CHARMM22, all hydrogens attached to CH3, and CH2 groups are deleted prior to calculations. Only the π–π* transition is included in the 
calculation.d CDCALC using PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, CH2, and CH groups are deleted prior 
to calculations. Only the π–π* transition is included in the calculation. eCDCALC using PDB structure minimized via NAMD/CHARMM22, CH3 
hydrogens are deleted prior to calculations. Both π–π* and n–π* transitions are included in the calculation.f CDCALC using PDB structure minimized 
via NAMD/CHARMM22, all hydrogens attached to CH3, and CH2 groups are deleted prior to calculations. Both the π–π* and n–π* transitions are 
included in the calculation. gCDCALC using PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, CH2, and CH groups 
are deleted prior to calculations. Both the π–π* and n–π* transitions are included in the calculation. 
*CDCALC using mean polarizability values for the aliphatic carbons instead of ignoring the hydrogens – all transition parameters yield the same results. 
hCAPPS prediction done on  2BRD167  PBD structure.66  
h Matrix method with ab initio parameters using PDB code 1YMB168 including only the protein backbone transitions.83 
y Matrix method with ab initio parameters including only local amide transitions.16  
hMatrix method with (1HA7)155 including only the protein backbone transitions.83 
iMatrix method with (1HDA)157 including protein backbone and charge transfer transitions.83 
It should be noted that the parameter with the best RMSD for the 180–210 nm and the 175–250 nm wavelength does not always turn to give best results 
for the 210–230 nm wavelength. For full RMSD information on all calculations including literature values, please go to Appendix C.  
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Spearman Rank Correlation Coefficient 
!
Spearman rank correlation coefficients between DInaMo/CDCALC CD data and 
SRCD data for the 15 α-helical proteins of interest is calculated for the entire spectra (175 
to 250 nm) (Figures 19, 20, and 21). These calculations show DInaMo/CDCALC to 
reproduce the general morphology of the far-UV CD for α-helical proteins well. 
Observing the Spearman rank correlation, the greatest errors in the predictions occur 
when the CD spectrum crosses zero  (around 200 nm). The helical parameters have the 
greatest error in the zero crossing, while the mean polarizability calculations have the 
least error in zero crossing. Significant error is observed in the region below 190 nm with 
all parameters, however the poly-L-proline II parameter shows the greatest error in this 
region, especially with the 4,000 cm-1 bandwidth. On the contrary, the error with the 
helical parameter in this region is small comparatively. 
Adding the n-π* transition has a small effect on the morphology of the observed 
spectra in the region below 210 nm (Figures 19, 20, and 21). This is true for all 
calculations except the calculations with all methyl, methylene, and methylidyne mean 
polarizability values implemented, the large error observed across the entire spectrum 
with the π-π* predictions is corrected once the n-π* transition is included (Figure 21). 
Overall, including the n-π* transition leads to a slight improvement in the morphology of 
the spectra in the region above 190 nm for all parameters.  
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Figure' 18. Spearman Rank Correlation Coefficients for DInaMo/CDCALC CD Predictions on 15 α-Helical Proteins: All 






    
    
    
Figure 19. Spearman Rank Correlation Coefficients for DInaMo/CDCALC CD Predictions on 15 α-Helical Proteins: All 
Methyl, and Methylene Hydrogens are Excluded from the Calculations. The mean polarizability calculations implemented the 





    
    
    
Figure 20. Spearman Rank Correlation Coefficients for DInaMo/CDCALC CD Predictions on 15 α-Helical Proteins: All 
Methyl, Methylene, and Methylidyne Hydrogens are Excluded from the Calculations. The mean polarizability calculations 





Which parameter, if any, serves as the best choice for predicting the far-UV CD 
spectra of α-helical proteins? The dipole interaction model succeeds at predicting the far-
UV CD of proteins. Considering the individual parameter sets used in DInaMo/CDCALC, 
no single set appears to be successful consistently; all parameter sets have proven to be 
useful at least once.  However, for the small protein set, the original parameter and the 
mean polarizabillity values give the best results, while the helical parameter shows good 
results only with lysozyme, and the poly-L-proline parameter is very inconsistent, 
especially for calculations with the small protein set (Table 9). For the large protein set, 
the best results are obtained with the poly-L-proline parameter (the Jx specifically). This 
parameter gives the best RMSD for most calculations with all the proteins (Table 10), 
and it also shows a good Spearman rank correlation curve, with a small error in the 200 
nm zero crossing. On the other hand, the helical parameter gives the worst results, they 
are blue shifted (Appendix C) and they showed the greatest error at the zero crossing on 
the Spearman rank correlation analysis curve (Figures 19, 20, and 21).  Though the 
helical parameter was created and designed for use with α-helical proteins and peptides,94 
earlier studies by Bode and Applequist66 on globular proteins showed this parameter to be 
largely more suited for β-sheet proteins than α-helices. Recently, Thomasson et al.96 also 
obtained similar results; the helical parameter was shown to give better results with β-
sheets and failed to produce good results with α-helices. The aforementioned observation 
with the helical parameter is also observed. The only protein (lysozyme) that gives good 
results with the helical parameters had only a 30.2 % α-helical content. It is the structure 
with the smallest α-helix content. Looking at the Spearman rank correlation diagrams 
! 100"
(Figure 21), calculations in which both π-π* and n-π* amide transitions are used with 
either helical, poly-L-proline or original parameters including the methyl, methylene, and 
methylidyne polarizabilities gives a good fit. This calculation has the smallest error at the 
~200 nm crossing and the correlation plot shows a steady horizontal line at 0.75 beyond 
210 nm wavelength. Based on this, if one were to choose one set of calculations that 
works best with all proteins, the π-π* and n-π* amide transitions with the original 
parameters including the methyl, methylene, and methylidyne polarizability values will 
be the best set of calculations to work with. 
Preferred bandwidth. No single bandwidth fits all the proteins well. The 6,000 cm-1 
bandwidth consistently gives better results with the small protein set, while there is an 
even split between the two bandwidths (4,000 and 6,000 cm-1) for the large protein set. 
As noted earlier,66 the dipole interaction model assumes that the chromophore bands are 
Lorentzian functions, and the band shapes in the calculated spectra are sensitive to this 
choice.169 It is therefore possible that a different choice of band shape may produce 
results that are more consistent with experiment. 
Will the predicted CD be improved if mean polarizability values are used? One of the 
major drawbacks with the dipole interaction model is that of size limitation. Proteins with 
more than 300 amino acid residues cause artifacts (indicated by negative eigenvalues or 
the occurrence of long wavelength normal modes: longer than 215 nm for the π-π* region, 
and greater than 230 nm for the n-π* region), or program failure (indicated by a 
nonpositive definite interaction matrix of the nondispersive subsystem). Bode and 
Applequist suggested that this issue could be resolved by replacing a methyl group or 
other side chain groups with an isotropic point mean polarizability.66 Excluding side 
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chain methyl groups has been successful with a large set of protein.97 Alternatively, a 
better approximation might be to use mean polarizability values for the methyl (CH3), 
methylene (CH2), and methylidyne (CH) groups; this reduces the number of 
nondispersive units for each methyl group from 4 (1 carbon plus 3 hydrogens) to 1, and 
that of the methylene group from 3 to 1, while that of each methylidyne group is reduced 
from 2 to 1. Herein, mean polarizability values for the methyl, methylene, and 
methylidyne groups are used. One advantage with the mean polarizability values 
implementation with proteins is that calculations with mean polarizability values exclude 
the need of using multiple positions (∆x, ∆y) of the NC’O center (used with the helical 
and poly-L-proline parameter). These positions in angstroms are (0.0, 0.0), (0.1, 0.0), and 
(0.0, 0.1) designated by o, x, y respectively. In addition, results obtained with the mean 
polarizability values are identical for each amide transition parameter used: the helical, 
poly-L-Proline, and original parameters all give the same CD results when mean 
polarizability values are implemented. However, this observation is not seen with the 
cyclic peptide calculations. With the cyclic peptide, calculations in which mean 
polarizability values are implemented gives different spectra data for each of the three 
(helical, poly-L-proline II, and original) amide transition parameters (Figures B25 and 
B28). In trying to explain the observed discrepancy between the cyclic peptide and 
proteins with the mean polarizability values, a set of calculations with small linear 
peptides (tripeptide, tetrapeptide, pentapeptide, and hexapeptide) obtained from voltage 
gated potassium channel (1J95)156 are done (Appendix D). Results obtained with these 
calculations  show that peptides with more that 6 amino acids give identical results with 
all three amide transition parameters when mean polarizability values are implemented, 
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similar to what is obtained with the protein. With this finding, one might conclude that 
the issue with the mean polarizability values is size dependent. However, results with a 
pentapeptide having two amino acids (Tyr and Arg) that are converted to alanine before 
CD calculation in DInaMo, show identical results with all three amide transition 
parameter sets when mean polarizability values are implemented (Figure D5). This 
finding indicated that the issue with the mean polarizability values may not only be that 
of size but also sequence related. Thus, the pdbmutate subroutine in DInaMo that 
truncates all amino acids not treated directly by the program to alanine needs to be 
reviewed.  
Using methyl mean polarizability value or using both methyl and methylene mean 
polarizability values produces good results for calculations with either π-π* only or with 
both π-π* and n-π* amide transitions included. When the methylidyne parameter is added, 
it greatly skews results with the π-π* transition calculations (Figure 21). However, adding 
the methylidyne mean polarizability value with both the π-π* and the n-π* amide 
transitions corrects the poor results that are obtained with the π-π* calculation (Figure 21). 
This suggests that the greatest error with the mean polarizability values occurs when the 
methylidyne polarizability is added with the π-π* amide transition parameter sets. 
Calculations with the mean polarizability values look very promising, especially those in 
which all three polarizability values (methyl, methylene, and methylidyne) are 
implemented with both π-π* and n-π* amide transition. However, optimization studies 
might need to be done to completely validate the mean polarizability values. Two mean 
polarizability values, 2.164 Å366 and 2.222 Å3 have been reported for the methyl 
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group,66,112 while the calculated value implemented with DInaMo/CDCALC is 2.469 Å3. 
Literature values for methylene and methylidyne mean polarizability have not been found.  
Since excluding methyl hydrogens on the amino acid residues studied have been 
successful,96 what happens if methylene and methylidyne hydrogens are also excluded? 
In the dipole interaction model, close contacts of side chain atoms from neighboring 
fragments or within tight turns may occur and cause artifacts.66 This issue is made worse 
with the dipole interaction model since bulky amino acids with aromatic side chains that 
occupy more space in the structure are replaced with alanine which is rather small, thus 
an increased propensity for more close contacts. Excluding methyl group hydrogens has 
proved to be successful with DInaMo/CDCLC.96 So, it is worth investigating the effects 
of excluding methylene and methylidyne hydrogens as well. α-Helix CD spectrum have 
been shown to be largely insensitive to side chains, so long as the helices are 
maintained.22 In the dipole interaction model, proteins with a high α-helical content are 
expected to have more close contacts by virtue of the tight turns within the helices. So, 
excluding more hydrogens should produce better results with proteins that have a high α-
helical content. As expected, c-phycocyanin, sperm whale myoglobin, and horse 
myoglobin that all have a high α-helical content (> 70%) show the best results when the 
methyl, methylene, and methylidyne hydrogens are all excluded. Excluding methyl 
hydrogens or both methyl and methylene hydrogens works best for proteins with a small 
percent of α-helix, for example, of all 15 proteins structures studied, the best result with 
lysozyme (small α-helix content, 30.2%) is obtained when methyl hydrogens are 
excluded (Table C5, Figure C25). Though excluding either methyl hydrogens only or 
excluding both methyl and methylene hydrogens works well for proteins with a small α-
! 104"
helical content (< 70% α-helix), the latter seems to produce slightly better results for most 
of the protein structures studied. In DInaMo/CDCALC, only glycine, proline, alanine, 
valine, leucine, and isoleucine are treated fully; all other residues are reduced to alanine. 
In α-helical proteins (that usually have a small amount of proline residues) a huge chunk 
of the final structure will consist of alanine. This implies that most of the side chain 
residues in the structure will consist of methyl groups (largely from alanine) and a small 
amount of methylene groups (from leucine and isoleucine). This therefore explains why 
most results with excluding either methyl hydrogens only or excluding both methyl and 
methylene hydrogens look very similar. 
How will the predicted spectrum differ upon addition of the n-π* amide transition?  
As previously noted, DInaMo/CDCALC closely predicts the π-π* far-UV CD of 
proteins,66,96 however, the n-π* amide transition has not been previously implemented. 
When compared to the matrix method, the dipole interaction model does a better job at 
predicting the π-π* far-UV CD.  The n-π* amide transition is not very well approximated 
with the dipole interaction model, the matrix method gives slightly better results in this 
region. This can be explained by the fact that the amide n-π* transition is a weak 
magnetically allowed transition and therefore it is much more difficult to determine 
suitable parameters for use with the dipole interaction model.66 Also, aromatic side chains 
and disulfide CD transitions that typically occurs above 230 nm (Tyr ~278 nm, Phe ~257 
nm and disulfide ~260 nm)140  have significant contributes to the observed CD at the 
210–230 nm (typically assigned to the n-π* amide transition) region. These transitions 
have not been parameterized with the dipole interaction model, and so are not included in 
the calculations. Despite these limitations, the n-π* implementation with 
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DInaMo/CDCALC gives pretty good results, normal modes are in the correct location 
and bear the right signs. Also, for the proteins studied, it is observed that addition of the 
n-π* parameter slightly improves results in the π-π* region of the spectrum as well. The 
greatest improvement with the addition of the n-π* parameter is observed with the 
methylidyne mean polarizability value implementation. However, the obtained results 
indicates that more work needs to be done with the n-π* transition implementation. 
Developing parameters for aromatic side chains will be a good way forward. In addition, 
traditional dipole interaction anisotropic polarizability parameters so far have shown an 
origin dependence (Applequist personal communication), suggesting a classical/quantum, 




DInaMo/CDCALC is an excellent choice for simulating the far-UV CD of α-helical 
proteins (especially in the π-π* region). Initial studies with the n-π* amide transition are 
very promising, but more work needs to be done to completely parameterize the n-π* 
amide transition. Optimization studies with both Applequist106 and Ito111 n-π* transition 
rotational strength values and also developing parameters for aromatic side groups and 
disulfide contributions might be a good direction to head in to improve predictions in the 
210–230 nm region. It will also be a good idea to include charge transfer transition 
(resulting from the interaction between adjacent amino groups) parameters in 
DInaMo/CDCALC, since these transitions have been shown to have some significant 
contributions to the lower end of far-UV CD.  
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One of the longstanding questions posed with the dipole interaction model; that of 
which parameter, if any, serves as the best choice for predicting the far-UV CD spectra of 
α-helical proteins, is yet to be fully answered. Bode and Applequist94 proposed the Hy 
parameter to be the most suitable parameter for use with globular proteins. However, this 
study shows otherwise; it rather supports what has been proposed by Thomasson et al., 
that the OL parameter is best suited for α-helical proteins, at least with the small α-helical 
proteins. Moreover, this study also adds that the size of the protein and the α-helical 
content should be taken into account when choosing which parameter to work with, since 
the poly-L-proline parameter (Jx) is most suited for larger proteins with a higher α-helical 
content, while the original (OL) parameter set is best suited for small proteins with lower 
α-helical contents (< 60% α-helix). In addition based on the Spearman rank correlation 
analysis the best calculation set that cuts across all the proteins studied is that in which 
both the π-π* and n-π* amide transitions are added with the original parameter set 
including the methyl, methylene, and methylidyne mean polarizability values. Also, 
choosing one preferred bandwidth is still a major challenge. Though the 6,000 cm-1 
bandwidth consistently gives good results with the small protein set, it usually 
underestimates the 190 nm peak intensity when compared to the 4,000 cm-1 bandwidth. It 
is recommended that users continue to test bandwidths around 4,000 to 6,000 cm-1 to 
simulate the experimental far-UV CD spectrum of α-helical proteins.  
Excluding methyl and methylene hydrogens seems to be the best choice for treating 
α-helical proteins with a small α-helical content, while excluding methyl, methylene, and 
methylidyne hydrogens appears to be the best choice for treating proteins with a high α-
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helical content (> 70% α-helix). However, more proteins need to be explored to validate 
this observation. 
Because calculations with mean polarizability values with the n-π* transition look 
very promising, it is recommended that optimization of these parameters be done to 


















DInaMo/CDCALC96 is a theoretical circular dichroism (CD) package developed by 
Thomasson et al  from Applequist’s dipole interaction model.66,90 This program has been 
used to predict the CD spectra of peptides and proteins with a huge success. However, to 
obtain such good results, a set of well-defined procedures has to be followed. In any 
experiment, a good sample preparation is the key determinant to obtaining good results 
and observations. In a similar manner DInaMo requires a good structural preparation. The 
dipole interaction model is very sensitive to molecular geometry. As such, it is essential 
to optimize peptide and protein structures either by energy minimization or by rebuilding 
the secondary structure based on torsional angle information obtained from NMR or X-
ray crystal structures. More minimization is better than less; NAMD/CHARMM22115 
minimization with 5,000 conjugate gradient steps is recommended for peptides and 
proteins with 150 amino acids or fewer, and 10,000 steps works best for proteins with 
150–300 amino acids. This tutorial will provide a guide to produce CD spectra data for 
peptides and proteins with the DInaMo package. Some knowledge on basic UNIX 
commands will be required in this Tutorial.  
The DInaMo/CDCALC code is available upon request from Dr. Thomasson at 
University of North Dakota, Chemistry Department, 151 Cornell St. Stop 9024, Grand 
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Forks, ND 58202, USA. The program runs on SGI UNIX, some Mac UNIX and RedHat 
LINUX. 
 
Figure A1. Schematic Outline of DInaMo/CDCALC 
 
Section 1: Calculations with the π-π* Amide Transition Only 
Monomeric Protein; Sperm Whale Myoglobin (2JHO)149 
Assuming we have a well-minimized 2jho.pdb file, (saved as 2jho.pdb) lets look at the 
various modifications that should be done on the file before subjecting it to the CDCALC 
subroutine. 
! 111"
1." Only lines that contain the word “ATOM” should be left in the file. So the first 
line and all the lines with HETATOM should be deleted.  
2." Edit the N-terminus: The N-terminus is the first 4 lines in the protein chain that 
contains the atoms: N, HT1, HT2 and HT3 
ATOM      1  N   VAL P   1      -5.576   6.334  31.017  0.00  0.00      P1 
ATOM      2  HT1 VAL P   1      -5.439   5.714  31.849  0.00  0.00      P1 
ATOM      3  HT2 VAL P   1      -6.089   7.203  31.310  0.00  0.00      P1 
ATOM      4  HT3 VAL P   1      -4.622   6.620  30.672  0.00  0.00      P1 
ATOM      5  CA  VAL P   1      -6.306   5.651  29.906  0.00  0.00      P1 
 
The lines containing HT2 and HT3 should be deleted. 
The atom name HT1 should be changed to HN. Then change the residue number of the 
first N atom to 1 (if not already 1). This prevents the addition of chromophores at the 
beginning of the amino acid chain.  
After editing, the N-terminus should look like this: 
ATOM      1  N   VAL P   1      -5.576   6.334  31.017  0.00  0.00      P1 
ATOM      2  HN  VAL P   1      -5.439   5.714  31.849  0.00  0.00      P1 
ATOM      5  CA  VAL P   1      -6.306   5.651  29.906  0.00  0.00      P1 
 
3." Edit the C-terminus: The c-terminus of the pdb file contains the atoms; C, OT1 
and OT2. Note that these atoms are not at the end of the pdb file. Before editing, 
the C-terminus is somewhere within the file as highlighted in cyan below; 
ATOM   2449 HE22 GLN P 152       9.526  -1.391  30.859  0.00  0.00      P1 
ATOM   2450  C   GLN P 152      12.744  -4.865  33.003  0.00  0.00      P1 
ATOM   2451  O   GLN P 152      12.897  -5.799  33.790  0.00  0.00      P1 
ATOM   2452  C   GLY P 153      11.824  -3.370  35.582  0.00  0.00      P1 
ATOM   2453  OT1 GLY P 153      10.785  -2.706  35.318  0.00  0.00      P1 
ATOM   2454  OT2 GLY P 153      11.866  -4.212  36.517  0.00  0.00      P1 
ATOM   2455  N   GLY P 153      12.907  -3.577  33.357  0.00  0.00      P1 
ATOM   2456  HN  GLY P 153      12.835  -2.862  32.661  0.00  0.00      P1 
ATOM   2457  CA  GLY P 153      13.073  -3.132  34.732  0.00  0.00      P1 
ATOM   2458  HA1 GLY P 153      13.229  -2.066  34.720  0.00  0.00      P1 




 Delete the line with the atom name OT2 
The lines with the atoms C and OT1 should be moved to the end of the file and inserted 
just above the word “END” at the end of the file. 
Change the atom name OT1 to O 
When the C-terminus has been properly edited, it should appear as shown below. 
ATOM   2457  CA  GLY P 153      13.073  -3.132  34.732  0.00  0.00      P1 
ATOM   2458  HA1 GLY P 153      13.229  -2.066  34.720  0.00  0.00      P1 
ATOM   2459  HA2 GLY P 153      13.900  -3.663  35.175  0.00  0.00      P1 
ATOM   2452  C   GLY P 153      11.824  -3.370  35.582  0.00  0.00      P1 
ATOM   2453  O   GLY P 153      10.785  -2.706  35.318  0.00  0.00      P1 
END 
 
4." All Cysteine (CYS) residues, which are not part of a disulfide bridge, should be 
changed to CYH. When CYS is part of a disulfide bridge the sequence of the 
atoms are altered. 2jho is a monomeric protein with no disulfide bridges so you 
don’t need to execute this. 
5." Change all Histidine (HIS) residues to HSE. For some reason after minimization 
with NAMD, the HIS residue names are changed to HSD. So you will rather 
change all HSD residue name to HSE. Also 2jho has no Histidine amino acids and 
so you do not need to bother about this point.  
 
Building a Temporary pdb file with all but 6 Residues Mutated to Alanine 
Hitherto, DInaMo treats only six amino acids: glycine, proline, alanine, valine, leucine, 
and isoleucine. All other amino acids are mutated to alanine using the following 
command; 
/mnt/data/CD/pdbmutate < 2jho.pdb > t.pdb 
! 113"
Inspect the t.pdb file. It should be written in pdb format but atom names are RIGHT 
ALINGED. Look through the file, if atoms are not right aligned, it implies there is a 
problem with the minimized structure.  
Note: The last line before the word “end “ in the t.pdb file should be deleted. 
 
Prepare file for Cor_eul 
The t.pdb file should be prepared in a format that can be read by the coreul subroutine. 
This is done with the command:  
/mnt/data/CD/aname_adjust < t.pdb > 2jho.car 
Inspect the car file and REMOVE the space before the word “end” on the last line of the 
file. 
Create an input file for coreul program with the name; coreul.inp. This file contains 




























Once you have the coreul.inp file, proceed to create an eul file with the command: 
/mnt/data/CD/corelu_uiv < coreul.inp 
The later command can also be ran in an interactive mode without the coreul.inp file by 
simply running; /mnt/data/CD/corelu_uiv 
This subroutine reads the coordinates of the car file, converts amides into points and 
calculates the eularian angles between the anisotropic polarizabilities of the amide 
chromophores. 
Verify that you now have a file 2jho.eul, which has been created. Inspect the 2jho.eul file 
and edit it. This is how the first couple of lines in the eul file looks like; 
sperm whale myoglobin 
Coordinate file name: 2jho.car 
1498 
4000.0  6000.0     0.0     0.0     0.0     0.0     0.0     0.0 
1000111111   0   154 
150.0   250.0     0.5 
UNIT TYP ATM       X         Y         Z    RES RES#     EULERIAN ANGLES 
1  4  HN      -5.439     5.714    31.849 VAL   1      0.000     0.000     0.000 
2  2  CA      -6.306     5.651    29.906 VAL   1      0.000     0.000     0.000 
3  3  HA      -5.624     4.926    29.488 VAL   1      0.000     0.000     0.000 
4  2  CB      -7.564     4.925    30.407 VAL   1      0.000     0.000     0.000 
 
The numbers highlighted in red needs to be edited. 
For some reason the program increases the number of atoms by 1. So we have to edit 
1498 under the phrase “Coordinate file name: 2jho.car” to 1497. The line in the file that 
contains the atom with unit parameter 1498: Should be deleted; this line consists of zeros 
and violet @ signs. Ensure that the number of amide chromophores has not been 
increased. Somewhere at the middle of the file there is a line that says: “Number of 
NCOs”. This line has the number 152 underneath. This is the correct number of amide 
chromophores in the file. Edit the number 154 at the top of the file to 152 to insure that 
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no imaginary chromophores are added to the file. The number 0.5 indicates that CD 
calculations will be performed from the wavelength 150.0 to 250.0 at 0.5 increments. 
However, published SRCD data are usually in 1.0 increment. It is therefore 
recommended that you edit the number 0.5 to 1.0 to allow easy comparison of data 
obtained to standard SRCD values. 
 
Now you need to create a CDCALC input file in your directory before running the cdcalc 





Bingo!!! Now we are set to run the cdcalc code for CD calculation with the π-π* amide 
transition only. This is done with the command: /mnt/data/CD/cdcalc_uiv < cdcalc.inp 
CD spectra may or may not be calculated. It is unlikely that systems with more than 1000 
atoms will have a CD spectra calculated. To check if CD spectra have been calculated, 
use the command: 
Grep POSITIV *.cdc 
If the cdcalc spectrum consist of zeros it is and indication that the CD calculations failed. 
Delete all created files with the extension .cdc; this is done with the command: Rm *.cdc 
 Here is a quick fix to the problem. Simply reduces the number of atoms in the file by 
striping off hydrogens.  
Excluding Methyl Hydrogens 
 To remove all methyl hydrogens from your protein, use the command: 
/mnt/data/CD/smh < t.pdb > 2jho_nm.car 
! 116"
Edit the new 2jho_nm.car file as recommended above, edit coreul.inp file for proper file 
name and comment and again run the command: 
/mnt/data/CD/corelu_uiv < coreul.inp 
This produces the file 2jho_nm.eul, which should be edited as outlined above in 
preparation for cdcalc. The cdcalc.inp file should also be edited. The file name 2jho.eul 
should be changed to 2jho_nm.eul. 
Once again run the cdcalc code: /mnt/data/CD/cdcalc_nm < cdcalc.inp 
The later command could also be run in an interactive mode without having to create a 
cdcalc.inp file: /mnt/data/CD/cdcalc_nm  
Now we should have our CD spectra produced. Verify one of the output files without 
extension BW.cdc: for example 2jho_nmJo.cdc to ensure that there are no long 
wavelength normal modes. Wavelengths above 215 nm are indicative of a problem 
somewhere: probably the minimization was not done with enough conjugate gradient 
steps. 
 
Excluding Methyl and Methylene Hydrogens 
We can also perform calculations on protein structures in which the methyl and 
methylene hydrogens are excluded. This is done with the command; 
/mnt/data/CD/smeh < t.pdb > 2jho_nme.car  
This creates a temporary file.  Proceed in a similar manner as stated above for 
calculations in which methyl hydrogens are excluded to prepare the t.pdb file for cor_eul. 
Always remember to give appropriate names to your files: use the extension _nme for 
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files in which methyl and methylene hydrogens are excluded. Once the 2jho_nme.eul file 
has been created, go on to use the command: 
/mnt/data/CD/cdcalc_nme < cdcalc.inp to generate the final CD spectra for all 
parameters.  
 
Excluding Methyl, Methylene, and Methylidyne Hydrogens 
Also, cdcalc calculations could be performed with all hydrogens removed but for the 
amide hydrogens. To do this, use the command:  
/mnt/data/CD/kah < t.pdb > 2jho_ah.car and proceed in a similar manner as stated 
above to perform CD calculations. 
Use /mnt/data/CD/cdcalc_ah < cdcalc.inp to run the cor_eul file once it is generated to 
obtain CD spectra files.  
Data analyses 
 Now we got our CD spectra, what next? We need to analyze our data to get some 
meaningful information out of it. The files with the extensions BW.cdc need to be 
exported to excel for analyses. It is better to group all these files into a csv file that can 
easily be imported into excel. To create the csv file, run: 
ls –t 2jho_nm*BW.cdc > files.cdc 
Inspect the files.cdc created; it should contain the names of all files from calculated CD 
spectra for each parameter set. Then create the csv file (comma separated file) with the 
command: 
/mnt/data/CD/glue_cdc2n < files.cdc > 2jho_nm.csv 
! 118"
The 2jho_nm.csv file can then be imported into excel from which RMSDs are calculated 
with respect to SRCD data for the specific protein of interest. 
 
Tetrameric Protein; Human Insulin (3INC) 
The peptide, human insulin (3INC)170 is a heterododecamer made of six heterodimers 
with chain A and C having 21 amino acids each while chains B and D each has 30 amino 
acids. Once the 3inc.pdb file has been properly minimized, then we can proceed to 
prepare the file and perform our subsequent CD calculations in a similar manner as the 
monomeric proteins. However, a few modifications will be made as outlined below. 
1." Only lines that contain the word “ATOM” should be left in the file. So the first 
line and all the lines with HETATOM should be deleted.  
2." Editing the N and C terminus: Note that there are four monomeric chains in this 
peptide linked together by disulfide bridges. Each of these chains has four N-
terminus and a C-terminus that should EACH be edited as outlined above. Failure 
to edit all four N and C terminus will lead to a bug in the t.pdb file and the code 
will crash for subsequent subroutines. 
3." All Cysteine (CYS) residues, which are not part of a disulfide bridge, should be 
changed to CYH while those that are part of a disulfide bridge should remain 
unchanged. When CYS is part of a disulfide bridge the sequence of the atoms are 





ATOM     72  NE2 GLN P   5     -14.879  10.867  12.901  0.00  0.00      P1 
ATOM     73 HE21 GLN P   5     -15.563  11.004  12.186  0.00  0.00      P1 
ATOM     74 HE22 GLN P   5     -14.856  10.047  13.472  0.00  0.00      P1 
ATOM     75  C   GLN P   5     -10.267  10.112  13.935  0.00  0.00      P1 
ATOM     76  O   GLN P   5     -10.590   9.138  14.606  0.00  0.00      P1 
ATOM     77  CB  CYS P   6      -9.234   8.795  10.589  0.00  0.00      P1 
ATOM     78  SG  CYS P   6     -10.602   9.432   9.570  0.00  0.00      P1 
ATOM     79  N   CYS P   6      -9.795   9.956  12.686  0.00  0.00      P1 
ATOM     80  HN  CYS P   6      -9.563  10.759  12.129  0.00  0.00      P1 
ATOM     81  CA  CYS P   6      -9.580   8.650  12.085  0.00  0.00      P1 
ATOM     82  HA  CYS P   6     -10.487   8.071  12.191  0.00  0.00      P1 
ATOM     83  HB1 CYS P   6      -8.358   9.473  10.489  0.00  0.00      P1 
ATOM     84  HB2 CYS P   6      -8.933   7.807  10.183  0.00  0.00      P1 
ATOM     85  C   CYS P   6      -8.479   7.833  12.754  0.00  0.00      P1 
ATOM     86  O   CYS P   6      -8.601   6.619  12.903  0.00  0.00      P1 
ATOM     87  N   CYS P   7      -7.367   8.490  13.139  0.00  0.00      P1 
ATOM     88  HN  CYS P   7      -7.277   9.467  12.928  0.00  0.00      P1 
ATOM     89  CA  CYS P   7      -6.232   7.888  13.818  0.00  0.00      P1 
ATOM     90  HA  CYS P   7      -5.961   6.990  13.279  0.00  0.00      P1 
ATOM     91  CB  CYS P   7      -5.048   8.897  13.749  0.00  0.00      P1 
ATOM     92  HB1 CYS P   7      -4.982   9.232  12.689  0.00  0.00      P1 
ATOM     93  HB2 CYS P   7      -5.308   9.800  14.344  0.00  0.00      P1 
ATOM     94  SG  CYS P   7      -3.411   8.258  14.242  0.00  0.00      P1 
ATOM     95  HG1 CYS P   7      -2.730   9.271  13.711  0.00  0.00      P1 
ATOM     96  C   CYS P   7      -6.510   7.473  15.265  0.00  0.00      P1 
ATOM     97  O   CYS P   7      -6.178   6.366  15.691  0.00  0.00      P1 
ATOM     98  N   THR P   8      -7.145   8.336  16.088  0.00  0.00      P1 
 
The cysteine residue highlighted in yellow is part of a disulfide bridge while that 
highlighted in cyan is not part of a disulfide bridge. So the CYS highlighted in yellow 
should not be changed to CYH. Also, notice that the sequence of the atoms in the 
cysteine residue that is part of a disulfide bridge has been altered. This sequence needs to 
be edited so that it reads:  N, HN, CA, HA, CB, HB1, HB2, SG, C, O. After effecting 





ATOM     72  NE2 GLN P   5     -14.868  10.845  13.029  0.00  0.00      P1 
ATOM     73 HE21 GLN P   5     -15.524  10.977  12.291  0.00  0.00      P1 
ATOM     74 HE22 GLN P   5     -14.904  10.061  13.648  0.00  0.00      P1 
ATOM     75  C   GLN P   5     -10.262  10.127  14.126  0.00  0.00      P1 
ATOM     76  O   GLN P   5     -10.565   9.142  14.791  0.00  0.00      P1 
ATOM     79  N   CYS P   6      -9.818   9.988  12.864  0.00  0.00      P1 
ATOM     80  HN  CYS P   6      -9.601  10.801  12.315  0.00  0.00      P1 
ATOM     81  CA  CYS P   6      -9.618   8.689  12.242  0.00  0.00      P1 
ATOM     82  HA  CYS P   6     -10.526   8.112  12.355  0.00  0.00      P1 
ATOM     77  CB  CYS P   6      -9.292   8.846  10.742  0.00  0.00      P1 
ATOM     83  HB1 CYS P   6      -8.431   9.543  10.638  0.00  0.00      P1 
ATOM     84  HB2 CYS P   6      -8.973   7.867  10.328  0.00  0.00      P1 
ATOM     78  SG  CYS P   6     -10.682   9.455   9.737  0.00  0.00      P1 
ATOM     85  C   CYS P   6      -8.511   7.863  12.887  0.00  0.00      P1 
ATOM     86  O   CYS P   6      -8.634   6.647  13.028  0.00  0.00      P1 
ATOM     87  N   CYH P   7      -7.395   8.517  13.264  0.00  0.00      P1 
ATOM     88  HN  CYH P   7      -7.312   9.497  13.066  0.00  0.00      P1 
ATOM     89  CA  CYH P   7      -6.251   7.913  13.925  0.00  0.00      P1 
ATOM     90  HA  CYH P   7      -5.975   7.029  13.366  0.00  0.00      P1 
ATOM     91  CB  CYH P   7      -5.080   8.937  13.872  0.00  0.00      P1 
ATOM     92  HB1 CYH P   7      -5.031   9.303  12.821  0.00  0.00      P1 
ATOM     93  HB2 CYH P   7      -5.342   9.821  14.494  0.00  0.00      P1 
ATOM     94  SG  CYH P   7      -3.427   8.306  14.320  0.00  0.00      P1 
ATOM     95  HG1 CYH P   7      -2.773   9.337  13.787  0.00  0.00      P1 
ATOM     96  C   CYH P   7      -6.524   7.465  15.364  0.00  0.00      P1 
ATOM     97  O   CYH P   7      -6.178   6.355  15.769  0.00  0.00      P1 
ATOM     98  N   THR P   8      -7.171   8.304  16.201  0.00  0.00      P1 
 
4." Change all histidine (HIS) residues to HSE. For some reason after minimization 
with NAMD, the HIS residue names are changed to HSD. So you will rather 
change all HSD residue name to HSE.Now our file has been properly edited and 
the same procedure for executing each subroutine should be followed as outlined 
above.  
Once all the necessary modifications have been done, the same outline as that for 
monomeric proteins is used to perform calculations for excluding methyl; methyl and 
methylene; or methyl, methylene, and methylidyne hydrogens. 
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Section 2: Calculations in which the Amide n-π* Transition is Included 
To add the n-π* amide transitions, one has to perform the same structural file 
modifications as outlined above for both monomeric and multimeric proteins; the 
procedures for modifying the N-terminus, C-terminus, histidine and cytosine residues are 
the same. Once the structural file has been modified, go one to perform amino acid 
mutation (pdbmutate command above), and generate the eul file of interest. In a nutshell, 
the only additions with the n-π* transitions comes at the level of the eul file. One has to 
introduce a second set of dispersive chromophores. The natural approximation is to add 
second dispersive chromophore to the current set of chromophores in the eul file. This is 
done with the command: 
/mnt/data/CD/eul_ad_npstar  
For example, to create an eul file with a second set of dispersive parameters on the amide 
chromophores on the previously modified sperm whale myoglobin eul file 
(2JHO_nm.eul), simply run the command; 
!/mnt/data/CD/eul_ad_npstar < 2JHO_nm.eul > 2JHO_nm_npi.eul 
 Note: files with any exclusion of hydrogens can be used; all that is required is the proper 
naming of files. 
 Upon creation of the eul file including the n-π* transition, one of two commands can be 
used to generate CD data. 
1." /mnt/data/CD/cdcalc_ahJA makes use of Jon Applequist n-π* parameters, and 





CDCALC with Mean Polarizability Values. 
In a bid to improve CD prediction with the DInaMo/CDCALC, mean polarizability 
values for methyl, methylene, and methylidyne hydrogens have been calculated (Chapter 
3). These values can be used for any set of calculations for both the π-π* and n-π* amide 
transition. All that is required is a changed in the methyl, methylene, and methylidyne 
polazizability values in the code (regular polarizability) to the calculated mean 
polarizability values (Table A1).  
Table A1. Polarizability Values 
Group Regular Polarizability 
(Å3) 
Mean Polarizability (Å3) 
CH3 1.293 2.469 
CH2 1.12 2.217 
CH 0.949 1.230 
 
Once these values are changed for all the parameter sets, used the following command to 
compile the code to get an executable: 
pgf77 -fast -Mextend cdcalc_uiv.f -o cdcalc_uiv 
Use the executable to perform CD calculations with the mean polarizability values. 
Before running the mean polarizability compiled code, the eul file also needs to be 
modified to call these values. Use: 
/mnt/data/CD/eul_npm < 2JHO_nm.eul > 2JHO_nmJAC.eul for methyl mean 
polarizability implementation. 
/mnt/data/CD/eul_npme < 2JHO_nme.eul > 2JHO_nmeJAC.eul for the methy and 
methylene mean polarizability calculations; 
/mnt/data/CD/eul_ah < 2JHO_ah.eul > 2JHO_ahJAC.eul for methyl, methylene, and 




Cyclo-(Gly-Pro-Gly-D-Ala-Pro) CD Predictions and Spectra 
!
Table B1. π-π* CD Analysis of a Cyclo-(Gly-Pro-Gly-D-Ala-Pro) Structure Built from 













aConventional!CD! 207! 4.79! 230! 310.27! 0.000!
b4000Ho! 201! 7.23! 250! 0.15! 6.014!
b6000Ho! 202! 4.17! 250! 0.21! 6.038!
b4000Hx! 201! 7.90! 250! 0.16! 6.061!
b6000Hx! 203! 4.50! 250! 0.22! 6.052!
b4000Hy! 200! 5.82! 250! 0.16! 6.036!
b6000Hy! 202! 3.53! 250! 0.22! 6.091!
b4000Jo! 207! 6.79! !!!!!!!!!!!!!250! 0.23! 6.495!
b6000Jo! 209! 3.91! 250! 0.31! 6.437!
b4000Jx! 208! 7.12! 250! 0.25! 6.672!
b6000Jx! 210! 4.07! 250! 0.34! 6.560!
b4000Jy! 207! 6.53! 250! 0.106! 5.868!
b6000Jy! 208! 3.50! 250! 0.153! 5.960!
b4000OL! 206! 8.36! 224! 30.571! 5.677!
b6000OL! 206! 4.895! 234# 0.072# 5.736!
c4000Ho! 201! 7.17! 250! 0.15! 6.01!
c6000Ho! 202! 4.15! 250! 0.21! 6.04!
c4000Hx! 201! 7.85! 250! 0.16! 6.06!
c6000Hx! 202! 4.47! 250! 0.22! 6.05!
c4000Hy! 200! 5.852! 250! 0.157! 6.03!
c6000Hy! 202! 3.546! 250! 0.22! 6.08!
c4000Jo! 207! 6.736! 250! 0.229! 6.49!
c6000Jo! 208! 3.887! 250! 0.313! 6.44!
c4000Jx! 208! 7.063! 250! 0.249! 6.66!
c6000Jx! 210! 4.044! 250! 0.34! 6.55!
c4000Jy! 207! 6.54! 250! 0.106! 5.86!
c6000Jy! 207! 3.522! 250! 0.152! 5.95!
c4000OL! 206! 8.34! 236! 30.546! 5.68!
c6000OL! 206! 4.896! 250! 0.081! 5.74!
! 124"
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d4000Ho! 200! 3.85! 250! 0.12! 5.88!
d6000Ho! 200! 3.22! 250! 0.17! 5.96!
d4000Hx! 200! 4.86! 250! 0.12! 5.86!
d6000Hx! 200! 3.77! 250! 0.17! 5.94!
d4000Hy! 208! 3.25! 250! 0.13! 5.92!
d6000Hy! 200! 2.58! 250! 0.18! 6.01!
d4000Jo! 200! 6.80! 250! 0.18! 6.21!
d6000Jo! 201! 3.53! 250! 0.25! 6.19!
d4000Jx! 201! 7.46! 250! 0.20! 6.28!
d6000Jx! 203! 3.87! 250! 0.27! 6.22!
d4000Jy! 202! 5.99! 250! 0.09! 5.76!
d6000Jy! 204! 3.21! 250! 0.13! 5.84!
d4000OL! 201! 10.29! 218! 30.45! 5.74!
d6000OL! 201! 5.49! 250! 0.08! 5.62!
e4000Ho! 200! 3.68! 250! 0.13! 5.89!
e6000Ho! 200! 3.24! 250! 0.19! 5.99!
e4000Hx! 200! 4.24! 250! 0.14! 5.91!
e6000Hx! 200! 3.63! 250! 0.20! 6.01!
e4000Hy! 207! 3.70! 250! 0.14! 5.90!
e6000Hy! 200! 2.79! 250! 0.19! 6.00!
e4000Jo! 200! 6.06! 250! 0.20! 6.25!
e6000Jo! 200! 3.70! 250! 0.27! 6.25!
e4000Jx! 200! 6.91! 250! 0.22! 6.39!
e6000Jx! 201! 3.87! 250! 0.31! 6.34!
e4000Jy! 200! 8.15! 250! 0.11! 5.87!
e6000Jy! 201! 4.39! 250! 0.16! 5.88!
e4000OL! 200! 11.33! 218! 0.03! 5.84!
e6000OL! 200! 6.52! 250! 0.13! 5.75!
f4000Ho! 201! 7.35! 250! 0.15! 6.04!
f6000Ho! 203! 4.16! 250! 0.22! 6.05!
f4000Hx! 202! 8.01! 250! 0.16! 6.10!
f6000Hx! 203! 4.51! 250! 0.23! 6.08!
f4000Hy! 200! 5.96! 250! 0.16! 6.05!
f6000Hy! 202! 3.57! 250! 0.23! 6.10!
f4000Jo! 207! 6.88! 250! 0.23! 6.54!
f6000Jo! 209! 3.91! 250! 0.32! 6.47!
f4000Jx! 209! 7.20! 200! 0.20! 6.76!
f6000Jx! 210! 4.08! 250! 0.35! 6.62!
f4000Jy! 207! 6.55! 250! 0.11! 5.89!
f6000Jy! 208! 3.45! 250! 0.16! 5.98!
f4000OL! 207! 7.90! 224! 30.35! 5.71!
f6000OL! 206! 4.62! 250! 0.10! 5.78!
! 125"
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g4000Ho! 201! 7.28! 250! 0.15! 6.04!
g6000Ho! 202! 4.13! 250! 0.22! 6.05!
g4000Hx! 202! 7.92! 250! 0.16! 6.10!
g6000Hx! 203! 4.48! 250! 0.23! 6.08!
g4000Hy! 200! 5.99! 250! 0.16! 6.05!
g6000Hy! 202! 3.59! 250! 0.22! 6.10!
g4000Jo! 207! 6.83! 250! 0.23! 6.54!
g6000Jo! 209! 3.88! 250! 0.32! 6.47!
g4000Jx! 208! 7.13! 20! 0.26! 6.75!
g6000Jx! 210! 4.05! 250! 0.35! 6.61!
g4000Jy! 207! 6.55! 250! 0.11! 5.88!
g6000Jy! 208! 3.46! 250! 0.16! 5.97!
g4000OL! 207! 7.87! 224! 30.32! 5.72!
g6000OL! 206! 4.62! 250! 0.10! 5.79!
h4000Ho! 200! 4.09! 250! 0.12! 5.87!
h6000Ho! 200! 3.27! 250! 0.17! 5.96!
h4000Hx! 200! 5.10! 250! 0.13! 5.87!
h6000Hx! 200! 3.81! 250! 0.18! 5.95!
h4000Hy! 208! 3.33! 250! 0.13! 5.92!
h6000Hy! 200! 2.67! 250! 0.18! 6.00!
h4000Jo! 200! 6.60! 250! 0.18! 6.21!
h6000Jo! 202! 3.44! 250! 0.25! 6.20!
h4000Jx! 201! 7.20! 250! 0.20! 6.30!
h6000Jx! 203! 3.76! 250! 0.28! 6.25!
h4000Jy! 202! 6.19! 250! 0.09! 5.75!
h6000Jy! 204! 3.20! 250! 0.13! 5.83!
h4000OL! 200! 10.21! 218! 30.33! 5.74!
h6000OL! 201! 5.31! 250! 0.08! 5.63!
i4000Ho! 200! 3.94! 250! 0.13! 5.89!
i6000Ho! 200! 3.36! 250! 0.19! 5.99!
i4000Hx! 200! 4.52! 250! 0.15! 5.92!
i6000Hx! 200! 3.76! 250! 0.21! 6.01!
i4000Hy! 206! 3.80! 250! 0.14! 5.90!
i6000Hy! 200! 2.92! 250! 0.19! 6.00!
i4000Jo! 200! 6.20! 250! 0.20! 6.26!
i6000Jo! 201! 3.66! 250! 0.28! 6.25!
i4000Jx! 200! 6.91! 250! 0.23! 6.42!
i6000Jx! 202! 3.84! 250! 0.31! 6.36!
i4000Jy! 200! 8.40! 250! 0.11! 5.87!
i6000Jy! 201! 4.42! 250! 0.16! 5.88!
i4000OL! 200! 11.13! 250! 0.09! 5.84!
i6000OL! 200! 6.39! 250! 0.13! 5.76!
! 126"
Table#B1.!Cont.!
j6000Ho! 211! 1.07! 200! 31.16! 6.01!
j4000Hx! 209! 2.20! 200! 30.46! 5.92!
j6000Hx! 212! 1.16! 200! 31.06! 6.04!
j4000Hy! 209! 2.30! 200! 30.36! 5.88!
j6000Hy! 211! 1.17! 200! 31.01! 6.01!
j4000Jo! 215! 2.00! 200! 36.58! 6.79!
j6000Jo! 218! 1.01! 200! 33.90! 6.53!
j4000Jx! 217! 2.09! 200! 36.59! 6.94!
j6000Jx! 219! 1.11! 200! 33.88! 6.62!
j4000Jy! 216! 0.62! 200! 34.99! 6.38!
j6000Jy! 221! 0.16! 200! 33.32! 6.25!
j4000OL! 213! 0.77! 200! 33.18! 6.09!
j6000OL! 217! 0.16! 200! 32.73! 6.11!
k4000Ho! 208! 2.20! 200! 30.45! 5.89!
k6000Ho! 211! 1.12! 200! 31.12! 6.02!
k4000Hx! 209! 2.25! 200! 30.40! 5.92!
k6000Hx! 212! 1.20! 200! 31.03! 6.04!
k4000Hy! 209! 2.36! 200! 30.20! 5.88!
k6000Hy! 211! 1.21! 200! 30.94! 6.01!
k4000Jo! 215! 2.06! 200! 36.61! 6.80!
k6000Jo! 218! 1.05! 200! 33.92! 6.54!
k4000Jx! 217! 2.14! 200! 36.61! 6.95!
k6000Jx! 219! 1.15! 200! 33.89! 6.63!
k4000Jy! 216! 0.64! 200! 34.94! 6.37!
k6000Jy! 221! 0.18! 200! 33.30! 6.25!
k4000OL! 214! 0.79! 200! 33.15! 6.11!
k6000OL! 217! 0.18! 200! 32.72! 6.11!
l4000Ho 208 2.20 250 0.05 5.80 
l6000Ho 209 1.16 250 0.05 5.91 
l4000Hx 208 2.32 250 0.05 5.82 
l6000Hx 209 1.25 250 0.07 5.93 
l4000Hy 207 2.52 250 0.05 5.78 
l6000Hy 209 1.31 250 0.07 5.90 
l4000Jo 214 2.06 200 -2.46 6.24 
l6000Jo 216 1.08 200 -2.05 6.24 
l4000Jx 216 2.22 200 -2.84 6.39 
l6000Jx 217 1.20 200 -2.24 6.34 
l4000Jy 211 0.85 200 -2.15 5.94 
l6000Jy 215 0.29 200 -2.05 6.02 
l4000OL 206 1.26 200 -0.39 5.75 
l6000OL 210 0.31 200 -1.12 5.88 
! 127"
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m4000Ho! 207! 2.80! 250! 0.06! 5.79!
m6000Ho! 208! 1.54! 250! 0.09! 5.91!
m4000Hx! 207! 2.99! 250! 0.07! 5.82!
m6000Hx! 208! 1.68! 250! 0.10! 5.93!
m4000Hy! 206! 3.07! 250! 0.06! 5.77!
m6000Hy! 207! 1.65! 250! 0.09! 5.90!
m4000Jo! 213! 2.62! 200! 31.44! 6.24!
m6000Jo! 214! 1.44! 200! 31.46! 6.25!
m4000Jx! 215! 2.83! 200! 31.87! 6.40!
m6000Jx! 216! 1.58! 200! 31.68! 6.36!
m4000Jy! 211! 1.42! 200! 30.73! 5.90!
m6000Jy! 213! 0.68! 200! 31.11! 5.99!
m4000OL! 205! 1.50! 250! 0.02! 5.78!
m6000OL! 209! 0.69! 200! 30.35! 5.89!
nIto131!! 202! 3.30! 222! 34.15! 4.291!
0Ito131! 202! 3.09! 222! 36.66! 3.935!
pIto131! 202! 5.17! 223! 34.72! 3.786!
qIto131! 203! 3.85! 221! 37.42! 3.733!
aConventional CD experimental spectrum.118  
bCDCALC with NAMD/CHARMM22115 10,000 steps minimized structure. All hydrogen atoms included 
in calculation.  
cCDCALC, with NAMD/CHARMM22 10,000 steps minimized structure. Hydrogen atoms attached to 
methyl groups (CH3) are ignored.  
dCDCALC with NAMD/CHARMM22 10,000 steps minimized structure. Hydrogen atoms attached to 
methyl (CH3) and methylene groups (CH2) are ignored.  
eCDCALC with NAMD/CHARMM22 10,000 steps minimized structure. All hydrogen atoms except those 
attached to the amide nitrogen are ignored.  
fCDCALC with Insight®II/Discover/AMBER119 1,000, and NAMD/CHARMM22 10,000 steps minimized 
structure. All hydrogen atoms included in calculation.  
gCDCALC with Insight®II/Discover/AMBER 1,000, and NAMD/CHARMM22 10,000 steps minimized 
structure. Hydrogen atoms attached to methyl groups (CH3) are ignored.  
hCDCALC with Insight®II/Discover/AMBER 1,000, and NAMD/CHARMM22 10,000 steps minimized 
structure. Hydrogen atoms attached to methyl (CH3) and methylene groups (CH2) are ignored.  
iCDCALC with Insight®II/Discover/AMBER 1,000, and NAMD/CHARMM22 10,000 steps minimized 
structure. All hydrogen atoms except those attached to the amide nitrogen are ignored. jCDCALC with 
Insight®II/Discover/AMBER 1,000 steps minimized structure. All hydrogen atoms included in calculation.  
kCDCALC with Insight®II/Discover/AMBER 1,000 steps minimized structure. Hydrogen atoms attached 
to methyl groups (CH3) are ignored.  
lCDCALC with Insight®II/Discover/AMBER 1,000 steps minimized structure. Hydrogen atoms attached 
to methyl (CH3) and methylene groups (CH2) are ignored.  
mCDCALC with Insight®II/Discover/AMBER 1,000 steps minimized structure. All hydrogen atoms except 
those attached to the amide nitrogen are ignored. 
nSemiempirical dipole interaction theory using Green’s function matrix with X-ray crystal structure of 
cyclo(Gly-Pro-Gly-D-Ala-Pro) using an oscillator strength of fo(n-π*) = 0.007.131  
oSemiempirical dipole interaction theory using Green’s function matrix with X-ray crystal structure of 
cyclo(Gly-Pro-Gly-D-Ala-Pro) using an oscillator strength of fo(n-π*)  = 0.019.131  
pSemiempirical dipole interaction theory using Green’s function matrix with NMR structure of cyclo(Gly-
Pro-Gly-D-Ala-Pro) using an oscillator strength of fo(n-π*)  = 0.007.131  
qSemiempirical dipole interaction theory using Green’s function matrix with NMR structure of cyclo(Gly-
Pro-Gly-D-Ala-Pro) using an oscillator strength of fo(n-π*) = 0.019.131 
 Yellow highlight represents the best RMSD for a set of calculations.  Grey highlight represents the largest 




   




Figure B1. Predicted Cyclo-(Gly-Pro-Gly-D-Ala-Pro) CD Spectra with an 
Insight®II/Discover Model Structure Built with NMR118 Structural Coordinates: All 
Aliphatic Hydrogens Included. The built structure is minimized with 
NAMD/CHARMM22, and calculations include only the amide π-π* transition parameter. 
 
! 129"
   




Figure# B2. Predicted Cyclo-(Gly-Pro-Gly-D-Ala-Pro) CD Spectra with an 
Insight®II/Discover model Structure Built with NMR118 Structural Coordinates: Methyl 
Hydrogens Excluded. The built structure is energy minimized with NAMD/CHARMM22 




   




Figure# B3. Predicted Cyclo-(Gly-Pro-Gly-D-Ala-Pro) CD Spectra with an 
Insight®II/Discover Model Structure Built with NMR118 Structural Coordinates: Methyl 
and Methyene Hydrogens Excluded. The built structure is minimized with 




   




Figure# B4. Predicted Cyclo-(Gly-Pro-Gly-D-Ala-Pro) CD Spectra with an 
Insight®II/Discover Model Structure Built with NMR118 Structural Coordinates and 
Minimized with NAMD/CHARMM22: All methyl, methylene, and methylidyne 
hydrogens are Excluded. Calculations include only the amide π-π* transition parameter 




   




Figure# B5. Predicted CD Spectra with NMR118 Structure Minimized with Amber Force 
Field and Further Minimized with NAMD/CHARMM22: All Hydrogens are Included in 
the Calculations. Calculations include only the amide π-π* transition parameter and not 




   




Figure# B6. Predicted CD Spectra with NMR118 Structure Minimized with Amber Force 
Field and Further Minimized with NAMD/CHARMM22: Methyl Hydrogens are 




   




Figure# B7. Predicted CD Spectra with NMR118 Structural Minimized with Amber Force 
Field and Further Minimized with NAMD/CHARMM22: Methyl and Methylene 
hydrogens are Excluded. Calculations include only the amide π-π* transition parameter 




   




Figure! B8. Predicted CD Spectra with NMR118 Structure Minimized with Both Amber 
and CHARMM22 Force Field: Methyl, Methylene, and Methylidyne Hydrogens are 





   




Figure# B9. Predicted CD Spectra with NMR118 Structure Minimized with Amber  Force 
Fields: All Hydrogens are Included. Calculations include only the amide π-π* transition 
parameter and not the n–π* transition parameter. 
! 137"
   




Figure# B10. Predicted CD Spectra with NMR118 Structure Minimized with  Amber Force 
Field: Methyl Hydrogens are Excluded. Calculations include only the amide π-π* 




   




Figure# B11. Predicted CD Spectra with NMR118 Structure Minimized with Amber Force 
Field: Methyl and Methylene Hydrogens Excluded. Calculations include only the amide 




   




Figure B12. Predicted CD Spectra with NMR118 Structure Minimized with Amber Force 
Field: Methyl, Methylene, and Methylidyne Hydrogens are Excluded. Calculations 





Table# B2.! CD! Analysis! of! a! Cyclo-(Gly-Pro-Gly-D-Ala-Pro) Structure Built from X-














aConventional!CD! 207! 4.79! 230! 310.27! 0.000!
b4000Ho! 204! 5.40! 250! 0.13! 6.01!
b6000Ho! 207! 2.85! 250! 0.18! 6.08!
b4000Hx! 204! 6.05! 250! 0.15! 6.11!
b6000Hx! 207! 3.21! 250! 0.21! 6.15!
b4000Hy! 203! 4.90! 250! 0.14! 6.05!
b6000Hy! 207! 2.85! 250! 0.20! 6.12!
b4000Jo! 210! 5.08! !!!!!!!!!!!!!200! 35.36! 6.94!
b6000Jo! 213! 2.68! 200! 32.83! 6.70!
b4000Jx! 211! 5.51! 200! 36.08! 7.30!
b6000Jx! 214! 2.95! 200! 33.20! 6.92!
b4000Jy! 210! 4.32! 200! 34.82! 6.46!
b6000Jy! 213! 2.10! 200! 32.59! 6.38!
b4000OL! 210! 4.92! 200! 32.27! 6.28!
b6000OL! 212! 2.48! 200# 31.80# 6.29!
c4000Ho! 204! 5.39! 250! 0.13! 6.01!
c6000Ho! 207! 2.86! 250! 0.19! 6.09!
c4000Hx! 204! 6.04! 250! 0.15! 6.12!
c6000Hx! 207! 3.21! 250! 0.21! 6.16!
c4000Hy! 203! 4.95! 250! 0.14! 6.05!
c6000Hy! 207! 2.86! 250! 0.20! 6.12!
c4000Jo! 210! 5.07! 200! 35.34! 6.94!
c6000Jo! 213! 2.68! 200! 32.82! 6.70!
c4000Jx! 211! 5.49! 200! 36.06! 7.30!
c6000Jx! 214! 2.95! 200! 33.18! 6.92!
c4000Jy! 210! 4.32! 200! 34.76! 6.45!
c6000Jy! 212! 2.10! 200! 32.56! 6.37!
c4000OL! 210! 4.93! 200! 32.23! 6.28!
c6000OL! 212! 2.49! 200! 31.77! 6.29!
d4000Ho! 200! 3.43! 250! 0.10! 5.84!
d6000Ho! 205! 2.13! 250! 0.14! 5.94!
d4000Hx! 200! 4.23! 250! 0.11! 5.90!
d6000Hx! 203! 2.45! 250! 0.16! 5.98!
d4000Hy! 207! 3.47! 250! 0.11! 5.88!
d6000Hy! 206! 2.31! 250! 0.15! 5.97!
d4000Jo! 204! 3.33! 250! 0.15! 6.19!
d6000Jo! 211! 2.00! 200! 30.03! 6.24!
d4000Jx! 205! 3.83! 250! 0.19! 6.40!
d6000Jx! 211! 2.24! 200! 30.45! 6.40!
d4000Jy! 204! 3.73! 250! 0.06! 5.76!
d6000Jy! 207! 1.64! 200! 30.17! 5.92!
d4000OL! 203! 5.04! 250! 0.05! 5.66!
d6000OL! 205! 2.21! 250! 0.07! 5.79!
! 141"
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e4000Ho! 206! 3.64! 250! 0.11! 5.87!
e6000Ho! 204! 2.53! 250! 0.16! 5.97!
e4000Hx! 200! 4.10! 250! 0.13! 5.94!
e6000Hx! 204! 2.80! 250! 0.18! 6.03!
e4000Hy! 206! 4.04! 250! 0.12! 5.89!
e6000Hy! 205! 2.68! 250! 0.17! 5.99!
e4000Jo! 203! 3.55! !!!!!!!!!!!!!250! 0.18! 6.27!
e6000Jo! 211! 2.38! 250! 0.24! 6.29!
e4000Jx! 204! 3.92! 250! 0.22! 6.49!
e6000Jx! 212! 2.58! 200! 0.29! 6.45!
e4000Jy! 202! 4.53! 250! 0.09! 5.81!
e6000Jy! 205! 2.29! 250! 0.12! 5.92!
e4000OL! 201! 5.80! 250! 0.08! 5.76!
e6000OL! 203! 2.90! 250! 0.11! 5.84!
f4000Ho! 208! 0.80! 200! 33.13! 5.97!
f6000Ho! 214! 0.24! 200! 32.08! 6.01!
f4000Hx! 208! 0.73! 200! 33.98! 5.99!
f6000Hx! 215! 0.09! 200! 32.53! 6.03!
f4000Hy! 211! 1.03! 200! 32.70! 5.98!
f6000Hy! 214! 0.42! 200! 31.93! 6.03!
f4000Jo! 216! 0.75! 201! 36.21! 6.84!
f6000Jo! 222! 0.22! 202! 32.77! 6.33!
f4000Jx! 216! 0.72! 202! 36.92! 7.07!
f6000Jx! 223! 0.15! 203! 33.11! 6.39!
f4000Jy! 249! 30.09! 202! 34.81! 6.36!
f6000Jy! 250! 30.12! 203! 32.26! 5.99!
f4000OL! 250! 30.16! 200! 34.36! 5.78!
f6000OL! 250! 30.21! 200! 32.42! 5.75!
g4000Ho! 209! 0.83! 200! 33.12! 5.97!
g6000Ho! 215! 0.26! 200! 32.12! 6.02!
g4000Hx! 208! 0.77! 200! 33.94! 5.99!
g6000Hx! 215! 0.12! 200! 32.58! 6.03!
g4000Hy! 211! 1.06! 200! 32.56! 5.97!
g6000Hy! 214! 0.44! 200! 31.93! 6.03!
g4000Jo! 216! 0.78! 201! 36.44! 6.88!
g6000Jo! 222! 0.25! 202! 32.89! 6.35!
g4000Jx! 216! 0.75! 202! 37.20! 7.12!
g6000Jx! 224! 0.17! 202! 33.24! 6.43!
g4000Jy! 250! 30.09! 201! 34.89! 6.37!
g6000Jy! 250! 30.12! 203! 32.30! 6.00!
g4000OL! 250! 30.15! 200! 34.40! 5.80!
g6000OL! 250! 30.20! 200! 32.46! 5.76!
! 142"
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h4000Ho! 211! 0.70! 200! 31.12! 5.90!
h6000Ho! 214! 0.26! 200! 31.14! 5.95!
h4000Hx! 212! 0.52! 200! 31.20! 5.91!
h6000Hx! 216! 0.16! 200! 31.29! 5.95!
h4000Hy! 209! 0.95! 200! 30.63! 5.86!
h6000Hy! 212! 0.41! 200! 30.86! 5.93!
h4000Jo! 218! 0.66! 200! 34.51! 6.37!
h6000Jo! 220! 0.24! 200! 32.27! 6.18!
h4000Jx! 220! 0.61! 200! 35.24! 6.51!
h6000Jx! 223! 0.22! 200! 32.52! 6.24!
h4000Jy! 250! 30.06! 200! 33.38! 5.96!
h6000Jy! 250! 30.09! 200! 31.75! 5.88!
h4000OL! 206! 0.18! 216! 31.59! 5.61!
h6000OL! 250! 30.13! 200! 31.30! 5.69!
i4000Ho! 210! 1.29! 200! 30.98! 5.88!
i6000Ho! 212! 0.53! 200! 31.18! 5.96!
i4000Hx! 211! 1.17! 200! 31.08! 5.91!
i6000Hx! 213! 0.47! 200! 31.35! 5.98!
i4000Hy! 213! 1.56! 200! 30.52! 5.84!
i6000Hy! 211! 0.69! 200! 30.87! 5.94!
i4000Jo! 217! 1.21! 200! 34.64! 6.44!
i6000Jo! 219! 0.50! 200! 33.00! 6.30!
i4000Jx! 218! 1.20! 200! 35.68! 6.61!
i6000Jx! 221! 0.50! 200! 33.46! 6.39!
i4000Jy! 250! 30.05! 200! 33.61! 6.07!
i6000Jy! 250! 30.07! 200! 32.58! 6.02!
i4000OL! 250! 30.08! 200! 31.70! 5.81!
i6000OL! 250! 30.11! 200! 31.82! 5.85!
j4000Ho! 208! 4.38! 250! 0.12! 6.07!
j6000Ho! 210! 2.37! 200! 31.12! 6.18!
j4000Hx! 208! 4.63! 250! 0.13! 6.15!
j6000Hx! 210! 2.55! 200! 31.23! 6.24!
j4000Hy! 208! 4.46! 250! 0.11! 6.04!
j6000Hy! 210! 2.33! 200! 31.16! 6.16!
j4000Jo! 215! 4.10! 200! 310.77! 7.70!
j6000Jo! 217! 2.23! 200! 35.54! 7.06!
j4000Jx! 217! 4.30! 200! 311.79! 8.17!
j6000Jx! 218! 2.38! 200! 36.06! 7.31!
j4000Jy! 211! 2.96! 200! 39.18! 6.83!
j6000Jy! 215! 1.18! 200! 34.99! 6.54!
j4000OL! 210! 4.63! 200! 35.31! 6.39!
j6000OL! 212! 1.99! 200! 33.88! 6.38!
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k4000Ho! 208! 4.45! 250! 0.12! 6.08!
k6000Ho! 210! 2.42! 200! 31.09! 6.19!
k4000Hx! 208! 4.68! 250! 0.13! 6.16!
k6000Hx! 210! 2.59! 200! 31.20! 6.25!
k4000Hy! 208! 4.53! 250! 0.11! 6.04!
k6000Hy! 210! 2.37! 200! 31.07! 6.16!
k4000Jo! 215! 4.17! 200! 310.87! 7.71!
k6000Jo! 217! 2.27! 200! 35.60! 7.08!
k4000Jx! 216! 4.35! 200! 311.92! 8.19!
k6000Jx! 218! 2.42! 200! 36.12! 7.32!
k4000Jy! 211! 2.99! 200! 39.17! 6.82!
k6000Jy! 215! 1.20! 200! 35.00! 6.54!
k4000OL! 210! 4.64! 200! 35.27! 6.40!
k6000OL! 212! 2.00! 200! 33.87! 6.39!
l4000Ho! 207! 4.23! 250! 0.10! 5.90!
l6000Ho! 208! 2.28! 250! 0.13! 6.01!
l4000Hx! 208! 4.33! 250! 0.11! 5.96!
l6000Hx! 209! 2.42! 250! 0.15! 6.06!
l4000Hy! 206! 4.38! 250! 0.09! 5.86!
l6000Hy! 207! 2.30! 250! 0.13! 5.98!
l4000Jo! 214! 3.97! 200! 33.93! 6.67!
l6000Jo! 215! 2.14! 200! 32.76! 6.56!
l4000Jx! 215! 4.13! 200! 35.20! 6.97!
l6000Jx! 216! 2.29! 200! 33.33! 6.76!
l4000Jy! 207! 2.01! 200! 31.99! 5.88!
l6000Jy! 212! 0.83! 200! 32.16! 6.03!
l4000OL! 203! 3.98! 250! 0.04! 5.68!
l6000OL! 206! 1.52! 200! 30.06! 5.85!
m4000Ho! 206! 5.22! 250! 0.12! 5.94!
m6000Ho! 207! 2.92! 250! 0.16! 6.02!
m4000Hx! 207! 5.38! 250! 0.13! 6.00!
m6000Hx! 207! 3.08! 250! 0.18! 6.07!
m4000Hy! 205! 5.37! 250! 0.11! 5.90!
m6000Hy! 207! 2.92! 250! 0.15! 5.99!
m4000Jo! 213! 4.89! 200! 31.74! 6.64!
m6000Jo! 214! 2.74! 200! 31.86! 6.56!
m4000Jx! 214! 5.09! 200! 32.66! 6.90!
m6000Jx! 215! 2.90! 200! 32.38! 6.75!
m4000Jy! 207! 3.06! 250! 0.07! 5.85!
m6000Jy! 210! 1.56! 200! 30.80! 6.01!
m4000OL! 202! 4.48! 250! 0.07! 5.77!
m6000OL! 205! 2.12! 250! 0.09! 5.89!
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nIto!131! 202! 3.30! 222! 34.15! 4.291!
0Ito131! 202! 3.09! 222! 36.66! 3.935!
pIto131! 202! 5.17! 223! 34.72! 3.786!
qIto131! 203! 3.85! 221! 37.42! 3.733!
aConventional CD experimental spectrum.118  
bCDCALC with NAMD/CHARMM22115 10,000 steps minimized structure. All hydrogen atoms included 
in calculation.  
cCDCALC, with NAMD/CHARMM22 10,000 steps minimized structure. Hydrogen atoms attached to 
methyl groups (CH3) are ignored.  
dCDCALC with NAMD/CHARMM22 10,000 steps minimized structure. Hydrogen atoms attached to 
methyl (CH3) and methylene groups (CH2) are ignored.  
eCDCALC with NAMD/CHARMM22 10,000 steps minimized structure. All hydrogen atoms except those 
attached to the amide nitrogen are ignored.  
fCDCALC with Insight®II/Discover/AMBER119 1,000, and NAMD/CHARMM22 10,000 steps minimized 
structure. All hydrogen atoms included in calculation.  
gCDCALC with Insight®II/Discover/AMBER 1,000, and NAMD/CHARMM22 10,000 steps minimized 
structure. Hydrogen atoms attached to methyl groups (CH3) are ignored.  
hCDCALC with Insight®II/Discover/AMBER 1,000, and NAMD/CHARMM22 10,000 steps minimized 
structure. Hydrogen atoms attached to methyl (CH3) and methylene groups (CH2) are ignored.  
iCDCALC with Insight®II/Discover/AMBER 1,000, and NAMD/CHARMM22 10,000 steps minimized 
structure. All hydrogen atoms except those attached to the amide nitrogen are ignored. jCDCALC with 
Insight®II/Discover/AMBER 1,000 steps minimized structure. All hydrogen atoms included in calculation.  
kCDCALC with Insight®II/Discover/AMBER 1,000 steps minimized structure. Hydrogen atoms attached 
to methyl groups (CH3) are ignored.  
lCDCALC with Insight®II/Discover/AMBER 1,000 steps minimized structure. Hydrogen atoms attached 
to methyl (CH3) and methylene groups (CH2) are ignored.  
mCDCALC with Insight®II/Discover/AMBER 1,000 steps minimized structure. All hydrogen atoms except 
those attached to the amide nitrogen are ignored. 
nSemiempirical dipole interaction theory using Green’s function matrix with X-ray crystal structure of 
cyclo(Gly-Pro-Gly-D-Ala-Pro) using an oscillator strength of fo(n-π*) = 0.007.131  
oSemiempirical dipole interaction theory using Green’s function matrix with X-ray crystal structure of 
cyclo(Gly-Pro-Gly-D-Ala-Pro) using an oscillator strength of fo(n-π*)  = 0.019.131  
pSemiempirical dipole interaction theory using Green’s function matrix with NMR structure of cyclo(Gly-
Pro-Gly-D-Ala-Pro) using an oscillator strength of fo(n-π*)  = 0.007.131  
qSemiempirical dipole interaction theory using Green’s function matrix with NMR structure of cyclo(Gly-
Pro-Gly-D-Ala-Pro) using an oscillator strength of fo(n-π*) = 0.019.131 
 Yellow highlight represents the best RMSD for a set of calculations.  Grey highlight represents the largest 





   




Figure B13. Predicted CD Spectra Calculated with X-ray118 Crystal Structure Minimized 
with NAMD/CHARMM22: All Hydrogens are Included in the Calculations. Calculations 
include only the amide π-π* transition parameter and not the n–π* transition parameter. 
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Figure# B14. Predicted CD Spectra with X-ray118 Crystal Structure Minimized with 
NAMD/CHARMM22: Methyl Hydrogens are Excluded. Calculations include only the 




   




Figure# B15. Predicted CD with X-ray118 Crystal Minimized with NAMD/CHARMM22: 
Methyl and Methylene Hydrogens are Excluded. Calculations include only the amide π-
π* transition parameter and not the n–π* transition parameter. 
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Figure B16. Predicted CD Spectra with X-ray118 Crystal Structure Minimized with 
NAMD/CHARMM22: Methyl, Methylene, and Methylidyne Hydrogens are Excluded. 





   




Figure B17. Predicted CD Spectra with X-ray118 Crystal Structure Minimized with Both 
Amber and CHARMM22 Force Fields. Calculations included only the amide π-π* 
transition parameter and not the n–π* transition parameter. 
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Figure B18. Predicted CD with X-ray118 Crystal Structure Minimized with  Both Amber 
and CAHRMM22 Force Fields: Methyl Hydrogens are Excluded. Calculations include 
only the amide π-π* transition parameter and not the n–π* transition parameter. 
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Figure B19. Predicted CD Spectra Calculated with X-ray118 Crystal Structure Minimized 
with Both Amber and CHARMM22 Force Field: Methyl and Methylene Hydrogens are 




   




Figure B20. Predicted CD Spectra with X-ray118 Crystal Structure Minimized with Both 
Amber and CHARMM22 Force Field: Methyl, Methylene, and Methylidyne Hydrogens 




   




Figure B21. Predicted CD Spectra with X-ray118 Structure Minimized with Amber Force 





   




Figure B22. Predicted CD Spectra with X-ray118 Structure Minimized with Amber Force 
Field: Methyl Hydrogens are Excluded. Calculations include only the amide π-π* 
transition parameter and not the n–π* transition parameter. 
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Figure B23. Predicted CD Spectra Calculated with X-ray118 Structure Minimized with 
Amber Force Field: Methyl and Methylene Hydrogens are Excluded. Calculations 
include only the amide π-π* transition parameter and not the n–π* transition parameter. 
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Figure B24. Predicted CD Spectra with X-ray118 Structure Minimized with Amber Force 
Field: Methyl, Methylene, and Methylidyne Hydrogens are Excluded. Calculations 





Table B3 Mean Polarizability CD Analysis of a Cyclo-(Gly-Pro-Gly-D-Ala-Pro) 













aConventional!CD! 204! 4.79! 230! 310.27! 0.000!
b4000Ho! 204! 4.82! 230! 310.29! 0.502!
b6000Ho! 201! 2.81! 230! 36.21! 2.182!
b4000Hx! 206! 4.57! 234! 310.28! 1.702!
b6000Hx! 200! 2.88! 234! 36.30! 2.401!
b4000Hy! 200! 5.08! 237! 39.83! 2.742!
b6000Hy! 200! 3.23! 237! 36.18! 2.855!
b4000Jo! 211! 4.53! 238! 39.60! 3.705!
b6000Jo! 207! 2.64! 239! 35.81! 3.504!
b4000Jx! 213! 4.36! 245! 39.44! 5.284!
b6000Jx! 208! 2.70! 245! 35.82! 4.507!
b4000Jy! 200! 4.44! 228! 37.13! 2.326!
b6000Jy! 200! 2.42! 228! 34.16! 3.485!
b4000OL! 250! 30.10! 200! 33.26! 5.797!
b6000OL! 250! 30.14! 200! 32.12# 5.799!
c4000Ho! 209! 0.42! 200! 30.81! 6.012!
c6000Ho! 228! 0.23! 200! 30.92! 6.013!
c4000Hx! 229! 0.33! 200! 30.91! 6.007!
c6000Hx! 229! 0.19! 200! 31.07! 6.009!
c4000Hy! 207! 0.69! 200! 30.39! 5.987!
c6000Hy! 212! 0.30! 200! 30.68! 6.006!
c4000Jo! 230! 0.52! 200! 33.77! 6.364!
c6000Jo! 231! 0.29! 200! 31.93! 6.194!
c4000Jx! 231! 0.54! 200! 34.50! 6.467!
c6000Jx! 232! 0.29! 200! 32.17! 6.236!
c4000Jy! 250! 30.05! 200! 32.97! 5.962!
c6000Jy! 250! 30.07! 2000! 31.58! 5.889!
c4000OL! 250! 30.12! 200! 31.26! 5.616!
c6000OL! 250! 30.15! 200! 31.19! 5.688!
d4000Ho! 210! 0.55! 200! 30.92! 5.997!
d6000Ho! 217! 0.26! 200! 31.04! 6.012!
d4000Hx! 211! 0.38! 200! 30.92! 5.983!
d6000Hx! 222! 0.18! 200! 31.14! 6.000!
d4000Hy! 209! 0.74! 200! 30.48! 5.984!
d6000Hy! 214! 0.36! 200! 30.79! 6.010!
d4000Jo! 225! 0.53! 200! 34.26! 6.412!
d6000Jo! 226! 0.31! 200! 32.16! 6.225!
d4000Jx! 227! 0.50! 200! 34.93! 6.500!
d6000Jx! 228! 0.28! 200! 32.37! 6.257!
d4000Jy! 250! 30.05! 200! 33.26! 5.966!
d6000Jy! 250! 30.07! 200! 31.70! 5.902!
d4000OL! 206! 0.48! 200! 31.22! 5.473!
d6000OL! 250! 30.16! 200! 31.14! 5.609!
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e4000Ho! 202! 3.83! 244! 37.12! 4.165!
e6000Ho! 200! 2.35! 243! 34.46! 4.022!
e4000Hx! 200! 3.68! 247! 37.64! 4.607!
e6000Hx! 200! 2.47! 247! 34.82! 4.267!
e4000Hy! 200! 4.57! 250! 37.58! 4.674!
e6000Hy! 200! 2.80! 250! 34.86! 4.358!
e4000Jo! 201! 3.47! 250! 37.69! 5.188!
e6000Jo! 204! 2.12! 250! 34.76! 4.790!
e4000Jx! 202! 3.63! 250! 36.61! 5.600!
e6000Jx! 205! 2.22! 250! 34.55! 5.243!
e4000Jy! 200! 3.77! 239! 35.41! 3.844!
e6000Jy! 200! 2.04! 239! 33.24! 4.193!
e4000OL! 250! 30.11! 200! 32.76! 5.789!
e6000OL! 250! 30.15! 200! 31.86! 5.793!
nIto!131! 202! 3.30! 222! 34.15! 4.291!
0Ito131! 202! 3.09! 222! 36.66! 3.935!
pIto131! 202! 5.17! 223! 34.72! 3.786!
qIto131! 203! 3.85! 221! 37.42! 3.733!
aConventional CD experimental spectrum.118  
bπ-π* CD prediction with mean polarizability  
cπ-π* and n-π* CD with Jon Applequist parameters.  
dπ-π* and n-π* CD with Ito H. parameters.  
eπ-π* and n-π* CD with mean polarizability values.  
nSemiempirical dipole interaction theory using Green’s function matrix with X-ray crystal structure of 
cyclo(Gly-Pro-Gly-D-Ala-Pro) using an oscillator strength of fo(n-π*) = 0.007.131  
oSemiempirical dipole interaction theory using Green’s function matrix with X-ray crystal structure of 
cyclo(Gly-Pro-Gly-D-Ala-Pro) using an oscillator strength of fo(n-π*)  = 0.019.131  
pSemiempirical dipole interaction theory using Green’s function matrix with NMR structure of cyclo(Gly-
Pro-Gly-D-Ala-Pro) using an oscillator strength of fo(n-π*)  = 0.007.131  
qSemiempirical dipole interaction theory using Green’s function matrix with NMR structure of cyclo(Gly-
Pro-Gly-D-Ala-Pro) using an oscillator strength of fo(n-π*) = 0.019.131 
 Yellow highlight represents the best RMSD for a set of calculations.  Grey highlight represents the largest 
RMSD for a set of calculations. 
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Figure B25. Implementation of Methyl and Methylene Mean Polarizability Values with 
the π-π* Amide Transition Only. Results are for X-ray Cyclo-(Gly-Pro-Gly-D-Ala-Pro) 
structure minimized with NAMD/CHARMM22. 
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Figure B26. Cyclo-(Gly-Pro-Gly-D-Ala-Pro) CD Prediction with Jon Applequist’s n-π* 
Amide Transition Included: Both the Methyl and Methylene Hydrogens are Excluded in 




   




Figure B27. Cyclo-(Gly-Pro-Gly-D-Ala-Pro) CD Prediction with H. Ito’s n-π* Amide 
Transition parameter: Both the Methyl and Methylene Hydrogens are Excluded in the 






   




Figure#B28. Implementation of Methyl and Methylene Mean Polarizability values with 
Jon Applequist’s n-π* amide Transition. Results are for X-ray Cyclo-(Gly-Pro-Gly-D-







!-Helical Protein Circular Dichroism Analyses. 
 
Table C1. CD Analysis of Bacteriorhodopsin (1QHJ).143 Two sets of calculations are done: one set made use of the π–π * 
transition parameter only, and the other set involved both the π–π* and n–π* transition parameters. RMSDs are calculated for 
the entire spectrum (175 – 250 nm), π–π* transition (180 – 210 nm), and n–π* transition (210 – 230 nm). 
























a SRCD 195 15.67 224 -6.70 223 -6.69 0.00 0.00 0.00 
b 4000Ho 190 20.67 207 -14.62 223 -2.85 9.38 3.73 6.33 
b 6000Ho 189 10.87 208 -7.97 223 -3.07 6.84 2.89 4.66 
b 4000Hx 189 20.24 207 -16.11 223 -3.16 10.34 3.91 6.94 
b 6000Hx 189 10.57 208 -9.02 223 -3.45 7.61 2.74 5.11 
b 4000Hy 190 16.69 208 -14.03 223 -2.95 8.83 3.72 6.00 
b 6000Hy 189 8.80 209 -7.93 223 -3.18 7.32 2.76 4.93 
b 4000Jo 195 19.41 214 -13.71 223 -6.38 2.66 5.01 3.11 
b 6000Jo 195 10.21 215 -7.49 223 -5.30 3.18 1.74 2.26 
b 4000Jx 196 17.55 215 -14.52 223 -7.54 2.42 5.89 3.28 
b 6000Jx 195 9.17 216 -8.21 223 -6.11 3.76 1.83 2.61 
b 4000Jy 197 23.30 213 -14.91 223 -4.95 6.51 5.24 4.99 
b 6000Jy 197 10.48 214 -7.58 223 -4.52 4.38 2.15 3.04 
b 4000OL 192 29.59 208 -17.90 223 -4.32 9.90 5.12 6.88 
b 6000OL 192 14.27 210 -9.64 223 -4.39 4.45 2.74 3.22 
b* 4000MP 193 28.69 209 -17.47 223 -4.40 8.98 5.13 6.35 
b* 6000MP 193 13.60 211 -9.29 223 -4.41 3.92 2.67 2.90 
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c 4000Ho 189 19.43 207 -14.88 223 -3.13 9.76 3.68 6.55 
c 6000Ho 189 9.96 208 -8.26 223 -3.35 7.41 2.82 4.99 
c 4000Hx 189 20.68 207 -16.19 223 -3.41 10.79 3.83 7.20 
c 6000Hx 189 10.61 208 -9.08 223 -3.66 7.89 2.77 5.28 
c 4000Hy 189 17.67 207 -13.96 223 -3.14 9.24 3.67 6.24 
c 6000Hy 189 9.48 208 -7.81 223 -3.31 7.37 2.82 4.98 
c 4000Jo 195 18.35 214 -13.91 223 -7.02 2.91 5.13 3.25 
c 6000Jo 195 9.33 215 -7.74 223 -5.71 3.83 1.87 2.66 
c 4000Jx 195 18.30 214 -14.69 223 -8.19 2.47 5.66 3.33 
c 6000Jx 195 9.52 215 -8.27 223 -6.44 3.59 1.92 2.53 
c 4000Jy 196 24.27 211 -14.96 223 -5.22 6.45 5.08 4.92 
c 6000Jy 196 11.22 213 -7.47 223 -4.64 3.81 2.24 2.75 
c 4000OL 192 31.05 208 -18.76 223 -4.35 10.94 4.86 7.46 
c 6000OL 192 14.98 210 -9.79 223 -4.44 4.91 2.80 3.49 
c* 4000MP 194 27.65 209 -17.43 223 -4.42 8.27 5.30 5.98 
c* 6000MP 193 13.49 211 -9.12 223 -4.40 3.40 2.65 2.62 
d 4000Ho 188 22.07 206 -14.99 223 -2.46 11.78 3.56 7.78 
d 6000Ho 188 11.28 207 -8.33 223 -2.77 8.42 2.97 5.63 
d 4000Hx 188 23.13 206 -16.17 223 -2.70 12.44 3.63 8.19 
d 6000Hx 188 11.98 207 -9.02 223 -3.03 8.67 2.87 5.78 
d 4000Hy 188 18.65 206 -14.25 223 -2.42 11.24 3.53 7.44 
d 6000Hy 187 9.76 207 -8.06 223 -2.72 8.65 2.99 5.79 
d 4000Jo 193 20.70 212 -14.06 223 -5.38 3.97 5.01 3.65 
d 6000Jo 193 10.60 213 -7.80 223 -4.84 3.55 2.11 2.55 
d 4000Jx 194 20.45 213 -14.64 223 -6.40 3.22 5.51 3.52 
d 6000Jx 194 10.66 215 -8.20 223 -5.52 3.18 2.05 2.33 
d 4000Jy 194 26.33 209 -14.51 223 -3.23 7.10 4.13 5.08 
d 6000Jy 194 12.26 211 -7.06 223 -3.24 3.35 2.69 2.64 
d 4000OL 190 32.23 206 -18.45 223 -2.90 13.16 3.84 8.71 
d 6000OL 190 15.43 207 -9.45 223 -3.21 6.65 2.86 4.55 
d* 4000MP 184 21.91 175 -18.01 223 0.14 10.27 6.01 8.14 
d* 6000MP 185 10.34 175 -7.49 223 2.03 7.22 6.09 5.87 
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e 4000Ho 190 18.98 205 -11.72 223 -3.86 9.04 2.15 5.89 
e 6000Ho 189 9.75 207 -6.35 223 -3.39 7.06 2.39 4.70 
e 4000Hx 189 20.25 205 -13.00 223 -4.24 10.00 2.06 6.48 
e 6000Hx 189 10.55 207 -7.13 223 -3.73 7.45 2.15 4.92 
e 4000Hy 190 16.50 206 -11.17 223 -3.81 8.65 2.19 5.65 
e 6000Hy 189 8.75 207 -6.19 223 -3.36 7.25 2.41 4.83 
e 4000Jo 195 17.78 211 -9.45 223 -5.77 2.67 2.08 2.07 
e 6000Jo 195 9.07 215 -5.38 223 -4.66 3.93 1.35 2.66 
e 4000Jx 195 17.79 212 -10.02 223 -6.56 2.20 2.52 2.01 
e 6000Jx 195 9.38 215 -5.87 223 -5.24 3.61 0.97 2.44 
e 4000Jy 197 22.45 210 -10.72 223 -5.42 5.72 2.48 3.90 
e 6000Jy 196 10.29 214 -5.50 223 -4.34 4.23 1.65 2.87 
e 4000OL 192 28.90 207 -14.16 223 -5.29 9.16 2.56 6.02 
e 6000OL 192 13.93 209 -7.45 223 -4.52 4.35 1.77 2.96 
e* 4000MP 193 27.88 207 -13.53 223 -5.23 8.16 2.54 5.40 
e* 6000MP 193 13.23 210 -7.07 223 -4.45 3.80 1.76 2.63 
f 4000Ho 189 19.69 205 -11.21 223 -3.71 9.23 2.21 6.02 
f 6000Ho 189 10.17 207 -6.01 223 -3.21 7.06 2.53 4.73 
f 4000Hx 189 20.72 205 -12.73 223 -4.10 10.29 2.07 6.67 
f 6000Hx 188 10.79 207 -6.95 223 -3.59 7.57 2.24 5.01 
f 4000Hy 189 16.81 205 -11.42 223 -3.80 9.09 2.20 5.93 
f 6000Hy 189 8.84 207 -6.35 223 -3.35 7.50 2.41 4.98 
f 4000Jo 195 18.28 211 -9.15 223 -5.60 2.60 1.90 1.99 
f 6000Jo 194 9.42 214 -5.18 223 -4.50 3.74 1.48 2.56 
f 4000Jx 195 18.18 212 -9.83 223 -6.39 2.22 2.37 1.95 
f 6000Jx 194 9.56 215 -5.75 223 -5.09 3.53 1.06 2.40 
f 4000Jy 196 23.40 210 -10.80 223 -5.25 5.63 2.41 3.83 
f 6000Jy 196 10.84 213 -5.45 223 -4.20 3.82 1.76 2.64 
f 4000OL 192 29.23 206 -14.82 223 -5.04 9.87 2.44 6.46 
f 6000OL 192 13.93 209 -7.66 223 -4.35 4.83 1.87 3.26 
f* 4000MP 193 26.29 208 -13.58 223 -5.19 7.48 2.61 5.00 
f* 6000MP 193 12.66 210 -7.02 223 -4.44 3.66 1.76 2.56 
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g 4000Ho 188 21.12 204 -12.46 223 -3.59 11.48 2.30 7.44 
g 6000Ho 187 10.62 206 -6.81 223 -3.19 8.42 2.55 5.56 
g4000Hx 188 22.41 204 -13.42 223 -3.91 11.97 2.14 7.74 
g 6000Hx 187 11.49 206 -7.35 223 -3.47 8.52 2.34 5.61 
g 4000Hy 187 18.42 204 -11.76 223 -3.46 10.99 2.40 7.14 
g 6000Hy 187 9.65 206 -6.53 223 -3.07 8.53 2.65 5.56 
g 4000Jo 193 19.87 210 -10.37 223 -5.50 4.11 2.22 2.90 
g 6000Jo 193 9.99 213 -5.85 223 -4.55 4.01 1.50 2.72 
g 4000Jx 194 19.47 211 -10.65 223 -6.22 3.29 2.58 2.54 
g 6000Jx 193 9.99 214 -6.15 223 -5.06 3.65 1.19 2.47 
g 4000Jy 194 24.99 208 -11.09 223 -4.27 6.34 2.23 4.26 
g 6000Jy 194 11.46 211 -5.40 223 -3.53 3.69 2.28 2.69 
g 4000OL 190 31.34 205 -14.87 223 -4.19 12.24 2.14 7.97 
g 6000OL 190 14.84 207 -7.47 223 -3.66 6.34 2.22 4.25 
g* 4000MP 195 20.79 210 -10.98 223 -5.26 4.09 2.37 2.94 
g* 6000MP 194 10.89 213 -5.68 223 -4.39 3.09 1.58 2.20 
h 4000Hy 192 24.95 207 -18.43 223 -3.67 10.02 4.13 7.86 
h 6000Hy 191 12.11 208 -9.61 223 -3.63 6.00 2.79 4.77 
a SRCD from the Protein Circular Dichroism Data Bank (CD0000101000).21,42  
b CDCALC using (1QHJ)143 PDB structure minimized via NAMD/CHARMM22, CH3 hydrogens are deleted prior to calculations and only the π–π* 
transition is included in the calculation. 
 c CDCALC using (1QHJ)143 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, and CH2 groups are deleted prior to 
calculations. Only the π–π* transition is included in the calculation. 
d CDCALC using (1QHJ)143 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, CH2, and CH groups are deleted prior 
to calculations. Only the π–π* transition is included in the calculation. 
e CDCALC using (1QHJ)143 PDB structure minimized via NAMD/CHARMM22, CH3 hydrogens are deleted prior to calculations. Both π–π* and n–π* 
transitions are included in the calculation. 
f CDCALC using (1QHJ)143 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, and CH2 groups are deleted prior to 
calculations. Both the π–π* and n–π* transitions are included in the calculation. 
g CDCALC using (1QHJ)143 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, CH2, and CH groups are deleted prior 
to calculations. Both the π–π* and n–π* transitions are included in the calculation. 
*CDCALC using mean polarizability values for the aliphatic carbons instead of ignoring the hydrogens – all transition parameters yield the same result. 
hCAPPS prediction done on  2BRD167  PBD structure.66  
Yellow highlight represents the lowest RMSD for each category. 
Aqua highlight represents the second lowest RMSD for each category. 







Figure C1. Bacteriorhodopsin DInaMo/CDCALC Predicted CD Spectrum on 1QHJ143 
PDB Structure with all Methyl Hydrogens Excluded: Only the π–π* Transition is 
Included in the Calculations. Results are presented for both the 4,000 (!) and 6,000 (!) 
cm-1 bandwidths for different parameters: α-helical parameters created for proteins (H), 
poly-L-proline II parameters (J), original parameters created for the dipole interaction 
model (OL), and mean polarizability parameters (MP) for the methyl group only. 
Identical spectra data is obtained when MP is implemented with J, H, or OL parameters. 
Predicted CD is compared to experimental SRCD from the Protein Circular Dichroism 










Figure C2. Bacteriorhodopsin DInaMo/CDCALC Predicted CD Spectrum on 1QHJ143 
PDB Structure with Methyl and Methylene Hydrogens Excluded: Only the π–π* 
Transition is Included in the Calculations. Results are presented for both the 4,000 (!) 
and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters created for 
proteins (H), poly-L-proline II parameters (J), original parameters created for the dipole 
interaction model (OL), and mean polarizability parameters for methyl and methylene 
groups implemented (MP). Identical spectra data is obtained when MP is implemented 
with J, H, or OL parameters. Predicted CD is compared to experimental SRCD from the 









Figure C3. Bacteriorhodopsin DInaMo/CDCALC Predicted CD Spectrum on 1QHJ143 
PDB Structure with Methyl, Methylene, and Methylidyne Hydrogens Excluded: Only the 
π–π* Transition is Included in the Calculations. Results are presented for both the 4,000 
(!) and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters created 
for proteins (H); poly-L-proline II parameters (J); original parameters created for the 
dipole interaction model (OL); and mean polarizability parameters for methyl, methylene, 
and methylidyne groups (MP). Identical spectra data is obtained when MP is 
implemented with J, H, or OL parameters. Predicted CD is compared to experimental 









Figure C4. Bacteriorhodopsin DInaMo/CDCALC Predicted CD Spectrum on 1QHJ143 
PDB Structure with Methyl Hydrogens Excluded: Both the π–π* and n–π* Transitions 
are Included in the Calculations. Results are presented for both the 4,000 (!) and 6,000 
(!) cm-1 bandwidths for different parameters: α-helical parameters created for proteins 
(H), poly-L-proline II parameters (J), original parameters created for the dipole 
interaction model (OL), and mean polarizability parameters for the methyl group (MP). 
Identical spectra data is obtained when MP is implemented with J, H, or OL parameters. 
Predicted CD is compared to experimental SRCD from the Protein Circular Dichroism 










Figure C5. Bacteriorhodopsin DInaMo/CDCALC Predicted CD Spectrum on 1QHJ143 
PDB Structure with Methyl and Methylene Hydrogens Excluded: Both the π–π* and n–
π* Transitions are Included in the Calculations. Results are presented for both the 4,000 
(!) and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters created 
for proteins (H), poly-L-proline II parameters (J), original parameters created for the 
dipole interaction model (OL), and mean polarizability parameters for methyl and 
methylene groups implemented (MP). Identical spectra data is obtained when MP is 
implemented with J, H, or OL parameters. Predicted CD is compared to experimental 
SRCD from the Protein Circular Dichroism Data Bank (CD0000101000) (•).21,42 
 








Figure C6. Bacteriorhodopsin DInaMo/CDCALC Predicted CD Spectrum on 1QHJ143 
PDB Structure with Methyl, Methylene, and Methylidyne Hydrogens Excluded: Both the 
π–π* and n–π* Transitions are Included in the Calculations. Results are presented for 
both the 4,000 (!) and 6,000 (!) cm-1 bandwidths for different parameters: α-helical 
parameters created for proteins (H); poly-L-proline II parameters (J); original parameters 
created for the dipole interaction model (OL); and mean polarizability parameters for 
methyl, methylene, and methylidyne groups implemented (MP). Identical spectra data is 
obtained when MP is implemented with J, H, or OL parameters. Predicted CD is 
compared to experimental SRCD from the Protein Circular Dichroism Data Bank 
(CD0000101000) (•).21,42 
! ! ! ! !!! !
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Table C2. CD Analysis of Calmodulin (1LIN).144 Two sets of calculations are done: one set made use of the π–π * transition parameter 
only, and the other set involved both the π–π* and n–π* transition parameters. RMSDs are calculated for the entire spectrum (175 – 250 
nm), π–π* transition (180 – 210 nm), and n–π* transition (210 – 230 nm). 
























a SRCD 192 12.30 208 -6.58 223 -6.98 0.00 0.00 0.00 
b 4000Ho 190 11.65 206 -9.82 223 -1.73 3.50 3.82 3.04 
b 6000Ho 189 6.17 207 -5.42 223 -1.92 4.00 3.79 3.26 
b 4000Hx 189 12.41 206 -10.84 223 -1.88 4.38 3.69 3.44 
b 6000Hx 188 6.69 207 -6.06 223 -2.10 4.16 3.59 3.28 
b 4000Hy 189 10.21 207 -9.50 223 -1.81 3.84 3.74 3.18 
b 6000Hy 188 5.63 208 -5.50 223 -2.00 4.40 3.71 3.44 
b 4000Jo 195 11.01 213 -9.23 223 -3.81 3.55 2.74 2.71 
b 6000Jo 194 5.78 214 -5.09 223 -3.34 4.17 2.64 3.02 
b 4000Jx 195 11.04 214 -9.85 223 -4.46 3.19 2.73 2.51 
b 6000Jx 194 6.00 215 -5.56 223 -3.82 3.93 2.25 2.79 
b 4000Jy 197 14.43 211 -9.98 223 -3.05 5.79 3.18 4.08 
b 6000Jy 196 6.89 213 -5.00 223 -2.84 4.71 3.01 3.42 
b 4000OL 192 18.67 207 -12.54 223 -2.56 4.21 3.40 3.25 
b 6000OL 192 9.30 209 -6.51 223 -2.69 1.73 3.05 1.97 
b* 4000MP 193 18.67 208 -12.02 223 -2.58 4.41 3.38 3.56 
b* 6000MP 193 9.16 210 -6.10 223 -2.65 2.20 3.08 2.18 
c 4000Ho 189 12.13 206 -9.71 223 -1.68 3.43 3.86 3.02 
c 6000Ho 189 6.40 208 -5.31 223 -1.87 3.89 3.84 3.23 
c 4000Hx 189 12.56 206 -10.74 223 -1.84 4.31 3.72 3.41 
c 6000Hx 188 6.66 207 -5.98 223 -2.07 4.14 3.62 3.28 
c 4000Hy 189 11.16 207 -9.20 223 -1.72 3.66 3.82 3.12 
c 6000Hy 188 6.22 208 -5.14 223 -1.90 4.13 3.82 3.34 
c 4000Jo 195 11.43 213 -9.12 223 -3.72 3.62 2.75 2.75 
c 6000Jo 194 6.00 214 -4.98 223 -3.26 4.17 2.71 3.04 
c 4000Jx 195 11.10 212 -9.38 223 -4.37 3.28 2.71 2.55 
c 6000Jx 194 5.92 215 -5.48 223 -3.75 4.09 2.30 2.86 
c 4000Jy 196 14.64 211 -10.09 223 -3.01 5.80 3.21 4.09 
c 6000Jy 196 6.98 213 -5.05 223 -2.82 4.68 3.01 3.40 
c 4000OL 192 19.41 207 -12.93 223 -2.46 4.50 3.44 3.42 
c 6000OL 192 9.60 209 -6.63 223 -2.62 1.57 3.10 1.95 
c* 4000MP 193 18.96 208 -11.42 223 -2.38 4.34 3.45 3.34 
c* 6000MP 193 9.45 210 -5.68 223 -2.44 2.17 3.27 2.24 
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Table C2: Cont. 

























d 4000Ho 188 12.64 205 -9.83 223 -1.49 5.11 4.08 3.93 
d 6000Ho 187 6.39 206 -5.49 223 -1.72 4.70 4.01 3.69 
d 4000Hx 187 13.66 205 -10.63 223 -1.61 5.54 3.95 4.13 
d 6000Hx 187 7.08 206 -5.94 223 -1.85 4.66 3.85 3.62 
d 4000Hy 187 11.56 205 -9.19 223 -1.44 5.11 4.13 3.95 
d 6000Hy 187 6.21 206 -5.16 223 -1.65 4.86 4.09 3.80 
d 4000Jo 193 11.92 212 -9.20 223 -3.20 2.53 2.98 2.28 
d 6000Jo 193 6.01 213 -5.15 223 -2.99 3.79 2.87 2.88 
d 4000Jx 193 12.06 213 -9.56 223 -3.75 2.59 2.86 2.26 
d 6000Jx 193 6.28 214 -5.39 223 -3.38 3.70 2.56 2.74 
d 4000Jy 194 15.95 208 -9.48 223 -2.02 4.34 3.59 3.40 
d 6000Jy 194 7.51 211 -4.63 223 -2.06 3.70 3.68 3.08 
d 4000OL 190 20.78 205 -12.35 223 -1.77 5.55 3.79 4.09 
d 6000OL 190 10.21 207 -6.19 223 -1.98 2.05 3.70 2.38 
d* 4000MP 185 13.28 208 1.02 223 0.32 5.61 6.65 5.03 
d* 6000MP 186 7.31 208 1.28 223 0.44 5.02 6.80 4.83 
e 4000Ho 189 11.34 205 -7.92 223 -2.44 3.68 3.51 2.99 
e 6000Ho 189 5.92 206 -4.31 223 -2.16 4.28 3.80 3.39 
e 4000Hx 189 11.75 204 -8.60 223 -2.62 4.23 3.32 3.22 
e 6000Hx 188 6.28 206 -4.76 223 -2.32 4.38 3.62 3.39 
e 4000Hy 189 10.54 205 -7.42 223 -2.43 3.77 3.52 3.04 
e 6000Hy 188 5.90 207 -4.10 223 -2.12 4.39 3.84 3.46 
e 4000Jo 195 10.57 211 -6.52 223 -3.70 3.18 2.19 2.34 
e 6000Jo 194 5.53 213 -3.70 223 -3.03 4.26 3.08 3.17 
e 4000Jx 195 10.47 211 -6.68 223 -4.11 3.08 1.86 2.21 
e 6000Jx 194 5.70 214 -3.89 223 -3.31 4.15 2.84 3.05 
e 4000Jy 196 12.33 209 -8.07 223 -3.62 5.10 2.33 3.49 
e 6000Jy 196 5.51 212 -4.28 223 -3.03 4.92 2.96 3.51 
e 4000OL 192 17.64 206 -10.31 223 -3.33 3.36 2.58 2.55 
e 6000OL 192 8.58 209 -5.29 223 -2.91 2.22 2.98 2.13 
e* 4000MP 193 17.58 207 -9.54 223 -3.22 3.44 2.67 2.61 
e* 6000MP 193 8.44 209 -4.82 223 -2.78 2.53 3.13 2.32 
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f 4000Ho 189 12.38 205 -7.31 223 -2.44 3.35 3.57 2.85 
f 6000Ho 189 6.62 207 -3.87 223 -2.08 3.94 3.93 3.26 
f 4000Hx 189 12.45 204 -8.35 223 -2.67 4.13 3.31 3.17 
f 6000Hx 188 6.66 206 -4.57 223 -2.32 4.22 3.64 3.31 
f 4000Hy 189 10.38 205 -7.30 223 -2.51 3.78 3.48 3.02 
f 6000Hy 188 5.70 207 -4.05 223 -2.17 4.47 3.82 3.49 
f 4000Jo 195 11.53 211 -6.05 223 -3.71 3.29 2.23 2.41 
f 6000Jo 195 6.17 214 -3.40 223 -2.95 4.18 3.22 3.16 
f 4000Jx 195 10.96 211 -6.65 223 -4.26 3.13 1.75 2.21 
f 6000Jx 194 5.89 214 -3.90 223 -3.40 4.13 2.78 3.03 
f 4000Jy 196 14.24 210 -7.29 223 -3.42 5.36 2.48 3.67 
f 6000Jy 196 6.78 213 -3.69 223 -2.76 4.75 3.29 3.50 
f 4000OL 192 18.70 206 -10.09 223 -3.16 3.59 2.73 2.71 
f 6000OL 192 9.17 208 -5.04 223 -2.74 1.95 3.16 2.09 
f* 4000MP 193 18.96 208 -11.42 223 -2.38 4.34 3.45 3.34 
f* 6000MP 193 9.45 210 -5.68 223 -2.44 2.17 3.27 2.24 
g 4000Ho 187 13.15 203 -8.06 223 -2.19 5.25 3.80 3.90 
g 6000Ho 187 6.80 205 -4.38 223 -1.95 4.72 4.02 3.69 
g4000Hx 187 14.8 204 -8.76 223 -2.39 5.58 3.58 4.03 
g 6000Hx 187 7.42 205 -4.78 223 -2.13 4.66 3.82 3.59 
g 4000Hy 187 11.29 204 -7.73 223 -2.17 5.29 3.81 3.93 
g 6000Hy 187 5.97 205 -4.31 223 -1.94 5.08 4.03 3.88 
g 4000Jo 193 12.38 209 -6.73 223 -3.39 1.99 2.50 1.83 
g 6000Jo 193 6.37 212 -3.76 223 -2.81 3.65 3.24 2.89 
g 4000Jx 193 12.04 210 -7.13 223 -3.90 2.32 2.06 1.84 
g 6000Jx 193 6.22 213 -4.10 223 -3.21 3.76 2.86 2.84 
g 4000Jy 194 14.78 207 -7.45 223 -2.72 3.03 3.96 3.03 
g 6000Jy 194 6.79 210 -3.67 223 -2.29 3.24 4.05 3.24 
g 4000OL 190 19.46 204 -10.15 223 -2.58 4.93 3.33 3.61 
g 6000OL 190 9.32 206 -5.00 223 -2.29 2.60 3.62 2.54 
g* 4000MP 194 14.78 207 -7.45 223 -3.51 5.34 3.40 3.87 
g* 6000MP 194 6.79 210 -3.67 223 -329 3.02 2.59 2.38 
h B09:1 192 12.80 210 -7.47 223 -3.99 1.21 2.18 1.84 
I B09:2 192 11.93 210 -8.21 223 -4.50 0.93 1.99 1.62 
j B09:3 191 11.44 209 -8.88 223 -4.26 1.28 2.27 1.78 
a SRCD from the  PCDDB CD000001300.21,42  
! 176$
b CDCALC using 1LIN144 PDB structure minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all CH3 
groups are ignored.  Only the π–π* transition is included. 
c CDCALC using 1LIN144 PDB structure minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all CH3 
and CH3CH2 groups are ignored. Only the π–π* transition is included. 
d CDCALC using 1LIN144 PDB structure minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all CH3, 
CH2 and CH groups are ignored. Only the π–π* transition is included. 
e CDCALC using 1LIN144 PDB structure minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all CH3 
groups are ignored.  Both the π–π* and n–π* transitions are included. 
f CDCALC using 1LIN144 PDB structure minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all CH3 
and CH3CH2 groups are ignored. Both the π–π* and n–π* transitions are included. 
g CDCALC using 1LIN144 PDB structure minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3, CH2 and CH groups are ignored. 
*CDCALC using mean polarizability values for the aliphatic carbons instead of ignoring the hydrogens – all transition parameters yield the same result. 
hMatrix method including only the protein backbone transitions.83  
iMatrix method including protein backbone and charge transfer transitions.83  
iMatrix method including protein backbone, charge transfer and side chain transitions.83  
Yellow highlight represents the lowest RMSD for each category. 
Aqua highlight represents the second lowest RMSD for each category. 
Grey highlight represents the highest RMSD for each category. 
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Figure C7. Calmodulin DInaMo/CDCALC Predicted CD Spectrum on 1LIN144 PDB 
Structure with Methyl Hydrogens Excluded: Only the π–π* Transition is Included in the 
Calculations. Results are presented for both the 4,000 (!) and 6,000 (!) cm-1 bandwidths 
for different parameters: α-helical parameters created for proteins (H), poly-L-proline II 
parameters (J), original parameters created for the dipole interaction model (OL), and 
mean polarizability parameter for the methyl group is implemented (MP). Identical 
spectra data is obtained when MP is implemented with J, H, or OL parameters. Predicted 




   
   
   





Figure C8. Calmodulin DInaMo/CDCALC Predicted CD Spectrum on 1LIN144 PDB 
Structure with Methyl and Methylene Hydrogens Excluded: Only the π–π* Transition is 
Included in the Calculations. Results are presented for both the 4,000 (!) and 6,000 (!) 
cm-1 bandwidths for different parameters: α-helical parameters created for proteins (H), 
poly-L-proline II parameters (J), original parameters created for the dipole interaction 
model (OL), and mean polarizability parameters for the methyl and methylene groups are 
implemented (MP). Identical spectra data is obtained when MP is implemented with J, H, 
or OL parameters. Predicted CD is compared to experimental SRCD from the Protein 
Circular Dichroism Data Bank (CD000001300) (•).21,42 
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Figure C9. Calmodulin DInaMo/CDCALC Predicted CD Spectrum on 1LIN144 PDB 
structure with Methyl, Methylene, and Methylidyne Hydrogens Excluded: Only the π–π* 
Transition is Included in the Calculations. Results are presented for both the 4,000 (!) 
and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters created for 
proteins (H); poly-L-proline II parameters (J); original parameters created for the dipole 
interaction model (OL); and mean polarizability parameters for the methyl, methylene, 
and methylidyne groups implemented (MP). Identical spectra data is obtained when MP 
is implemented with J, H, or OL parameters. Predicted CD is compared to experimental 




   
   
   




Figure C10. Calmodulin DInaMo/CDCALC Predicted CD Spectrum on 1LIN144 PDB 
Structure with Methyl Hydrogens Excluded: Both the π–π* and n–π* Transitions are 
Included in the Calculations. Results are presented for both the 4,000 (!) and 6,000 (!) 
cm-1 bandwidths for different parameters: α-helical parameters created for proteins (H), 
poly-L-proline II parameters (J), original parameters created for the dipole interaction 
model (OL), and mean polarizability parameter for the methyl group is implemented 
(MP). Identical spectra data is obtained when MP is implemented with J, H, or OL 
parameters. Predicted CD is compared to experimental SRCD from the Protein Circular 
Dichroism Data Bank (CD000001300) (•).21,42 
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Figure C11. Calmodulin DInaMo/CDCALC Predicted CD Spectrum on 1LIN144 PDB 
Structure with Methyl and Methylene Hydrogens Excluded: Both the π–π* and n–π* 
Transitions are Included in the Calculations. Results are presented for both the 4,000 (!) 
and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters created for 
proteins (H), poly-L-proline II parameters (J), original parameters created for the dipole 
interaction model (OL), and mean polarizability parameters for the methyl and methylene 
groups implemented (MP). Identical spectra data is obtained when MP is implemented 
with J, H, or OL parameters. Predicted CD is compared to experimental SRCD from the 
Protein Circular Dichroism Data Bank (CD000001300) (•).21,42 
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Figure C12. Calmodulin DInaMo/CDCALC Predicted CD Spectrum on 1LIN144 PDB Structure 
with Methyl, Methylene, and Methylidyne Hydrogens Excluded: Both the π–π* and n–π* 
Transitions are Included in the Calculations. Results are presented for both the 4,000 (!) and 
6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters created for proteins (H); 
poly-L-proline II parameters (J); original parameters created for the dipole interaction model 
(OL); and mean polarizability parameters for the methyl, methylene, and methylidyne groups 
implemented (MP). Identical spectra data is obtained when MP is implemented with J, H, or OL 
parameters. Predicted CD is compared to experimental SRCD from the Protein Circular 
Dichroism Data Bank (CD000001300) (•).21,42 
 
! 183$
Table C3. CD Analysis of Cytochrome c (1HRC).145 Two sets of calculations are done: one set made use of the π–π * transition parameter 
only, and the other set involved both the π–π* and n–π* transition parameters. RMSDs are calculated for the entire spectrum (175 – 250 
nm), π–π* transition (180 – 210 nm), and n–π* transition (210 – 230 nm).  
























a SRCD 195 4.31 223 -4.36 223 -4.36 0.00 0.00 0.00 
b 4000Ho 191 6.92 207 -6.66 223 -1.29 2.69 2.26 2.10 
b 6000Ho 189 3.59 208 -3.75 223 -1.41 1.49 2.15 1.49 
b 4000Hx 190 7.45 207 -7.03 223 -1.34 3.08 2.23 2.30 
b 6000Hx 189 4.11 208 -3.94 223 -1.47 1.59 2.10 1.51 
b 4000Hy 190 6.34 207 -6.50 223 -1.29 2.57 2.25 2.03 
b 6000Hy 189 3.65 208 -3.65 223 -1.41 1.48 2.16 1.49 
b 4000Jo 196 6.50 214 -6.23 223 -2.84 1.66 1.81 1.43 
b 6000Jo 195 3.38 215 -3.51 223 -2.42 1.10 1.38 1.02 
b 4000Jx 196 6.48 214 -6.40 223 -3.22 1.77 1.78 1.47 
b 6000Jx 195 3.56 216 -3.61 223 -2.64 1.09 1.22 0.96 
b 4000Jy 197 8.59 211 -6.58 223 -2.16 2.82 2.08 2.11 
b 6000Jy 196 4.05 213 -3.39 223 -1.99 1.38 1.69 1.26 
b 4000OL 193 10.30 208 -8.03 223 -1.79 3.51 2.20 2.52 
b 6000OL 192 5.04 210 -4.30 223 -1.86 0.76 1.78 1.07 
b* 4000MP 194 8.86 208 -7.71 223 -1.82 2.86 2.19 2.16 
b* 6000MP 193 4.13 209 -4.14 223 -1.88 0.72 1.77 1.05 
c 4000Ho 191 8.24 207 -6.62 223 -1.23 2.84 2.30 2.19 
c 6000Ho 190 4.16 208 -3.60 223 -1.34 1.24 2.22 1.42 
c 4000Hx 190 8.37 207 -7.27 223 -1.33 3.29 2.24 2.42 
c 6000Hx 189 4.33 208 -4.03 223 -1.47 1.55 2.10 1.49 
c 4000Hy 190 7.55 207 -6.43 223 -1.25 2.62 2.28 2.07 
c 6000Hy 189 4.09 208 -3.51 223 -1.35 1.27 2.21 1.42 
c 4000Jo 196 7.73 213 -6.19 223 -2.74 2.28 1.82 1.74 
c 6000Jo 196 3.90 215 -3.38 223 -2.32 1.32 1.46 1.15 
c 4000Jx 196 7.35 214 -6.65 223 -3.20 2.12 1.90 1.68 
c 6000Jx 195 3.86 215 -3.69 223 -2.65 1.20 1.21 1.01 
c 4000Jy 197 9.09 211 -6.52 223 -2.09 3.11 2.08 2.27 
c 6000Jy 197 4.14 213 -3.30 223 -1.93 1.56 1.74 1.36 
c 4000OL 193 10.94 208 -8.24 223 -1.69 3.78 2.21 2.68 
c 6000OL 193 5.10 209 -4.33 223 -1.79 0.83 1.83 1.11 
c* 4000MP 194 9.79 209 -6.71 223 -1.56 2.96 2.19 2.22 
c* 6000MP 194 4.72 210 -3.37 223 -1.58 0.74 2.01 1.17 
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d 4000Ho 189 10.18 208 -6.68 223 -1.06 4.00 2.42 2.86 
d 6000Ho 188 5.13 207 -3.65 223 -1.19 1.81 2.36 1.70 
d 4000Hx 188 10.97 206 -7.19 223 -1.14 4.43 2.36 3.10 
d 6000Hx 188 5.67 207 -3.91 223 -1.28 1.96 2.27 1.74 
d 4000Hy 188 8.40 206 -6.42 223 -1.04 3.46 2.44 2.57 
d 6000Hy 188 4.34 207 -3.57 223 -1.18 1.85 2.38 1.73 
d 4000Jo 194 9.62 212 -6.29 223 -2.33 2.70 1.96 2.01 
d 6000Jo 194 4.82 214 -3.41 223 -2.10 0.80 1.61 1.06 
d 4000Jx 195 9.61 213 -6.61 223 -2.75 2.82 1.98 2.08 
d 6000Jx 194 4.95 214 -3.61 223 -2.39 1.31 1.39 1.04 
d 4000Jy 195 10.86 209 -5.92 223 -1.36 3.63 2.23 2.60 
d 6000Jy 195 4.92 211 -2.84 223 -1.35 1.45 2.24 1.51 
d 4000OL 191 13.48 206 -7.39 223 -1.15 4.96 2.36 3.41 
d 6000OL 191 6.39 208 -3.65 223 -1.26 1.39 2.29 1.50 
d* 4000MP 185 9.94 175 -10.91 223 0.27 3.86 4.21 3.32 
d* 6000MP 187 5.43 175 -5.48 223 0.36 2.40 4.32 2.75 
e 4000Ho 190 7.25 205 -5.17 223 -1.74 2.52 1.97 1.91 
e 6000Ho 189 3.91 207 -2.79 223 -1.51 1.39 2.19 1.45 
e 4000Hx 190 8.18 205 -5.59 223 -1.85 3.14 1.86 2.23 
e 6000Hx 188 4.72 207 -3.00 223 -1.60 1.58 2.10 1.50 
e 4000Hy 190 6.11 205 -5.11 223 -1.77 2.29 1.94 1.78 
e 6000Hy 189 3.36 207 -2.85 223 -1.55 1.54 2.15 1.50 
e 4000Jo 196 6.79 211 -4.22 223 -2.62 1.60 1.15 1.21 
e 6000Jo 195 3.66 215 -2.41 223 -2.11 1.14 1.72 1.18 
e 4000Jx 196 7.38 212 -4.27 223 -2.84 2.10 1.00 1.47 
e 6000Jx 194 4.36 216 -2.46 223 -2.23 1.30 1.64 1.21 
e 4000Jy 197 7.43 210 -4.83 223 -2.42 2.35 1.38 1.67 
e 6000Jy 196 3.33 213 -2.59 223 -1.98 1.57 1.78 1.38 
e 4000OL 192 9.77 207 -6.42 223 -2.30 3.07 1.49 2.11 
e 6000OL 192 4.91 209 -3.42 223 -1.99 0.72 1.70 1.01 
e* 4000MP 194 8.96 207 -5.94 223 -2.21 2.54 1.55 1.81 
e* 6000MP 193 4.21 210 -3.12 223 -1.90 0.69 1.79 1.05 
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f 4000Ho 190 7.74 205 -5.37 223 -1.72 2.66 1.98 1.99 
f 6000Ho 190 3.87 207 -2.90 223 -1.52 1.41 2.18 1.46 
f 4000Hx 190 7.91 205 -5.87 223 -1.82 3.01 1.87 2.16 
f 6000Hx 189 4.09 207 -3.21 223 -1.62 1.60 2.07 1.49 
f 4000Hy 190 7.23 205 -5.18 223 -1.74 2.45 1.96 1.87 
f 6000Hy 189 3.84 207 -2.81 223 -1.52 1.38 2.18 1.44 
f 4000Jo 196 7.25 211 -4.30 223 -2.58 1.80 1.19 1.32 
f 6000Jo 195 3.65 214 -2.43 223 -2.09 1.24 1.73 1.22 
f 4000Jx 196 6.66 211 -4.59 223 -2.81 1.55 1.06 1.16 
f 6000Jx 195 3.47 215 -2.67 223 -2.28 1.12 1.54 1.11 
f 4000Jy 197 8.29 210 -4.82 223 -2.36 2.64 1.42 1.84 
f 6000Jy 196 3.72 213 -2.52 223 -1.92 1.58 1.84 1.40 
f 4000OL 193 10.52 206 -6.40 223 -2.14 3.28 1.60 2.26 
f 6000OL 192 5.06 209 -3.30 223 -1.86 0.70 1.83 1.06 
f* 4000MP 194 7.31 207 -5.55 223 -2.02 2.28 3.63 1.70 
f* 6000MP 194 3.04 210 -2.98 223 -1.78 1.43 1.91 1.36 
g 4000Ho 188 9.73 204 -5.46 223 -1.62 3.72 2.11 2.62 
g 6000Ho 188 4.83 206 -2.92 223 -1.41 1.79 2.29 1.66 
g4000Hx 188 10.21 204 -6.03 223 -1.76 4.04 1.96 2.78 
g 6000Hx 188 5.09 206 -3.24 223 -1.55 1.90 2.14 1.65 
g 4000Hy 188 8.17 204 -5.33 223 -1.56 3.29 2.16 2.38 
g 6000Hy 188 4.10 206 -2.91 223 -1.38 1.86 2.32 1.70 
g 4000Jo 194 9.12 210 -4.51 223 -2.45 2.37 1.31 1.67 
g 6000Jo 194 4.50 213 -2.50 223 -2.00 1.01 1.78 1.14 
g 4000Jx 194 8.90 211 -4.79 223 -2.81 2.42 1.09 1.66 
g 6000Jx 194 4.46 214 -2.73 223 -2.28 1.10 1.53 1.09 
g 4000Jy 195 10.23 208 -4.36 223 -1.78 3.25 1.90 2.30 
g 6000Jy 195 4.60 211 -2.10 223 -1.45 1.54 2.29 1.55 
g 4000OL 191 12.55 205 -5.90 223 -1.70 4.34 1.99 2.96 
g 6000OL 191 5.86 207 -2.88 223 -1.47 1.26 2.22 1.42 
g* 4000MP 196 8.65 209 -4.55 223 -2.22 2.84 1.47 2.00 
g* 6000MP 195 4.04 213 -2.44 223 -1.86 1.56 1.89 1.44 
h SW04:1 191 8.04 221 -2.42 223 -2.13 2.35 2.04 1.97 
iSW04:2 192 8.10 221 -2.06 223 -1.88 3.24 2.48 2.53 
jBA98:1 192 8.62 205 -4.81 223 -1.00 2.43 2.56 2.38 
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kBA98:2 191 4.53 206 -7.61 223 -0.85 1.18 2.70 1.84 
lAB99:1 192 8.88 207 -5.09 223 -0.98 2.46 2.70 2.45 
mAB99:2 192 9.42 211 -3.51 223 -0.76 2.28 2.90 2.46 
nAB99:3 193 10.81 208 -5.97 223 -0.91 3.24 2.53 2.88 
oMM1 194 8.64 214 -3.55 223 -2.56 2.29 1.26 2.41 
pMM2 194 7.67 215 -4.02 223 -2.96 1.97 1.01 2.06 
qMM3 196 3.73 216 -2.33 223 -2.02 2.06 1.88 2.35 
a SRCD from the Protein Circular Dichroism Data Bank (CD0000021000).21,42  
b CDCALC using (1HRC)145 PDB structure minimized via NAMD/CHARMM22, CH3 hydrogens are deleted prior to calculations and only the π–π* 
transition is included in the calculation. 
 c CDCALC using (1HRC)145 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, and CH2 groups are deleted prior to 
calculations. Only the π–π* transition is included in the calculation. 
d CDCALC using (1HRC)145 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, CH2, and CH groups are deleted prior 
to calculations. Only the π–π* transition is included in the calculation. 
e CDCALC using (1HRC)145 PDB structure minimized via NAMD/CHARMM22, CH3 hydrogens are deleted prior to calculations. Both π–π* and n–π* 
transitions are included in the calculation. 
f CDCALC using (1HRC)145 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, and CH2 groups are deleted prior to 
calculations. Both the π–π* and n–π* transitions are included in the calculation. 
g CDCALC using (1HRC)145 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, CH2, and CH groups are deleted prior 
to calculations. Both the π–π* and n–π* transitions are included in the calculation. 
*CDCALC using mean polarizability values for the aliphatic carbons instead of ignoring the hydrogens – all transition parameters yield the same result. 
hSW04:1 Matrix method with semi empirical parameters using PDB code 3CYT171 including only peptide groups.86  
iSW04:2 Matrix method with semi empirical parameters using PDB code 3CYT171  including all aromatic side chains and peptide groups.86 
jBA98:1 Dipole interaction model using PDB code 1HRC145 including residues 3–12, 14–18, 20–24, 26–30, 32–36, 38–40, 50–53, 55–59, 61–67, 71–73, 
75–76, 88–103 with set Hy at 4000 cm−1.66  
kBA98:2 Dipole interaction model of PDB code 1HRC145 including residues 3–12, 14–18, 20–24, 26–30, 32–36, 38–40, 50–53, 55–59, 61–67, 71–73, 
75–76, 88–103 with set Hy at 6000 cm−1.66  
lAB99:1 Dipole interaction model using PDB code 1HRC145 including residues 3–12, 14–18, 20–24, 26–30, 32–36, 38–40, 50–53, 55–59, 61–67, 71–73, 
75–76, 88–103 with set Hy at 4000 cm−1 of the protein only.172  
mAB99:2 Dipole interaction model using PDB code 1HRC145 including residues 3–12, 14–18, 20–24, 26–30, 32–36, 38–40, 50–53, 55–59, 61–67, 71–
73, 75–76, 88–103 at 4000 cm−1 of the protein and bound waters.172  
nAB99:3 Dipole interaction model using PDB code 1HRC145 including residues 3–12, 14–18, 20–24, 26–30, 32–36, 38–40, 50–53, 55–59, 61–67, 71–73, 
75–76, 88–103 at 4000 cm−1 of the protein and bound waters and lattice with continuum.172  
oMM1 Matrix method with ab initio parameters including only the protein backbone transitions using PDB structure 1HRC.83,145 
pMM2 Matrix method with ab initio parameters including protein backbone and charge-transfer transitions using PDB structure 1HRC.83,145  
qMM3 Matrix method with ab initio parameters including protein backbone, charge-transfer and side chain transitions using PDB structure 1HRC.83,145 
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.Yellow highlight represents the lowest RMSD for each category. 
Aqua highlight represents the second lowest RMSD for each category. 








Figure C13. Cytochrom c. DInaMo/CDCALC Predicted CD Spectrum on 1HRC145 PDB 
Structure with Methyl Hydrogens Excluded: Only the π–π* Transition is Included in the 
Calculations. Results are presented for both the 4,000 (!) and 6,000 (!) cm-1 bandwidths 
for different parameters: α-helical parameters created for proteins (H), poly-L-proline II 
parameters (J), original parameters created for the dipole interaction model (OL), and 
mean polarizability parameter for methyl group implemented (MP). Identical spectra data 
is obtained when MP is implemented with J, H, or OL parameters. Predicted CD is 










Figure C14. Cytochrom c. DInaMo/CDCALC Predicted CD Spectrum on 1HRC145 PDB 
Structure with Methyl and Methylene Hydrogens Excluded: Only the π–π* Transition is 
Included in the Calculations. Results are presented for both the 4,000 (!) and 6,000 (!) 
cm-1 bandwidths for different parameters: α-helical parameters created for proteins (H), 
poly-L-proline II parameters (J), original parameters created for the dipole interaction 
model (OL), and mean polarizability parameters for the methyl and methylene groups are 
implemented (MP). Identical spectra data is obtained when MP is implemented with J, H, 
or OL parameters. Predicted CD is compared to experimental SRCD from the Protein 
Circular Dichroism Data Bank (CD0000021000) (•).21,42 








Figure C15. Cytochrom c. DInaMo/CDCALC Predicted CD Spectrum on 1HRC145 PDB 
Structure with Methyl, Methylene, and Methylidyne Hydrogens Excluded: Only the π–π* 
Transition is Included in the Calculations. Results are presented for both the 4,000 (!) 
and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters created for 
proteins (H); poly-L-proline II parameters (J); original parameters created for the dipole 
interaction model (OL); and mean polarizability parameters for methyl, methylene, and 
methylidyne groups implemented (MP). Identical spectra data is obtained when MP is 
implemented with J, H, or OL parameters. Predicted CD is compared to experimental 









Figure C16. Cytochrom c. DInaMo/CDCALC Predicted CD Spectrum on1HRC145 PDB 
Structure with Methyl Hydrogens Excluded: Both π–π* and n–π* Transitions are 
Included in the Calculations. Results are presented for both the 4,000 (!) and 6,000 (!) 
cm-1 bandwidths for different parameters: α-helical parameters created for proteins (H), 
poly-L-proline II parameters (J), original parameters created for the dipole interaction 
model (OL), and mean polarizability parameter for methyl group implemented (MP). 
Identical spectra data is obtained when MP is implemented with J, H, or OL parameters. 
Predicted CD is compared to experimental SRCD from the Protein Circular Dichroism 
Data Bank (CD0000021000) (•).21,42 
 








Figure C17. Cytochrom c. DInaMo/CDCALC Predicted CD Spectrum on 1HRC145 PDB 
Structure with Methyl and Methylene Hydrogens Excluded: Both the π–π* and n–π* 
Transitions are Included in the Calculations. Results are presented for both the 4,000 (!) 
and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters created for 
proteins (H), poly-L-proline II parameters (J), original parameters created for the dipole 
interaction model (OL), and mean polarizability parameters for methyl and methylene 
groups implemented (MP). Identical spectra data is obtained when MP is implemented 
with J, H, or OL parameters. Predicted CD is compared to experimental SRCD from the 
Protein Circular Dichroism Data Bank (CD0000021000) (•).21,42 








Figure C18. Cytochrom c. DInaMo/CDCALC Predicted CD Spectrum on1HRC145 PDB 
Structure with Methyl, Methylene, and Methylidyne Hydrogens Excluded: Both the π–π* 
and n–π* Transitions are Included in the Calculations. Results are presented for both the 
4,000 (!) and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters 
created for proteins (H); poly-L-proline II parameters (J); original parameters created for 
the dipole interaction model (OL); and mean polarizability parameters for methyl, 
methylene, and methylidyne groups implemented (MP). Identical spectra data is obtained 
when MP is implemented with J, H, or OL parameters. Predicted CD is compared to 
experimental SRCD from the Protein Circular Dichroism Data Bank (CD0000021000) 
(•).21,42 
! ! ! ! ! !!! !
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Table C4. CD Analysis of Leptin (1AX8).146 Two sets of calculations are done: one set made use of the π–π * transition 
parameter only, and the other set involved both the π–π* and n–π* transition parameters. RMSDs are calculated for the entire 
spectrum (175 – 250 nm), π–π* transition (180 – 210 nm), and n–π* transition (210 – 230 nm). 
























a SRCD 192 13.2 207 -7.48 223 -6.75 0.00 0.00 0.00 
b 4000Ho 190 13.50 207 -10.71 223 -2.055 3.11 3.50 2.78 
b 6000Ho 190 6.96 208 -5.85 223 -2.233 4.20 3.49 3.30 
b 4000Hx 190 14.01 207 -11.57 223 -2.176 3.31 3.44 2.84 
b 6000Hx 189 7.55 208 -6.34 223 -2.376 3.93 3.32 3.11 
b 4000Hy 190 11.32 207 -10.02 223 -2.055 3.09 3.49 2.77 
b 6000Hy 189 6.12 209 -5.61 223 -2.22 4.60 3.52 3.52 
b 4000Jo 196 12.66 214 -10.03 223 -4.587 5.87 2.54 4.01 
b 6000Jo 195 6.53 215 -5.49 223 -3.85 5.72 2.43 3.88 
b 4000Jx 196 12.39 214 -10.44 223 -5.197 5.56 2.57 3.82 
b 6000Jx 195 6.72 216 -5.76 223 -4.234 5.46 2.19 3.68 
b 4000Jy 197 16.84 212 -11.18 223 -3.753 8.07 3.12 5.42 
b 6000Jy 197 7.80 214 -5.61 223 -3.393 6.39 2.64 4.33 
b 4000OL 193 21.57 208 -14.06 223 -3.03 5.86 3.56 4.17 
b 6000OL 192 10.50 210 -7.26 223 -3.139 3.09 2.65 2.47 
b* 4000MP 193 21.18 209 -13.55 223 -3.05 6.10 3.53 4.30 
b* 6000MP 193 10.23 211 -6.88 223 -3.108 3.61 2.68 2.75 
c 4000Ho 190 15.00 207 -10.79 223 -2.041 3.30 3.51 2.95 
c 6000Ho 190 7.52 208 -5.91 223 -2.226 3.97 3.49 3.23 
c 4000Hx 190 15.26 207 -11.60 223 -2.156 3.62 3.45 3.04 
c 6000Hx 189 7.99 208 -6.40 223 -2.363 3.82 3.34 3.08 
c 4000Hy 190 12.20 207 -10.16 223 -2.053 3.21 3.49 2.87 
c 6000Hy 189 6.38 208 -5.70 223 -2.227 4.53 3.51 3.51 
c 4000Jo 196 14.02 214 -10.09 223 -4.551 5.86 2.59 4.08 
c 6000Jo 195 7.06 215 -5.55 223 -3.844 5.53 2.41 3.83 
c 4000Jx 196 13.56 214 -10.48 223 -5.133 5.58 2.60 3.90 
c 6000Jx 195 7.13 216 -5.79 223 -4.211 5.34 2.17 3.65 
c 4000Jy 197 18.23 212 -11.26 223 -3.686 8.14 3.17 5.55 
c 6000Jy 197 8.45 214 -5.61 223 -3.344 6.16 2.66 4.27 
c 4000OL 192 24.33 208 -14.19 223 -2.93 6.29 3.56 4.51 
c 6000OL 192 12.16 210 -7.17 223 -3.028 2.07 2.73 2.13 
c* 4000MP 194 22.13 209 -13.40 223 -3.233 6.57 3.55 4.68 
c* 6000MP 194 10.83 211 -6.76 223 -3.214 3.64 2.60 2.86 
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d 4000Ho 188 16.93 206 -11.17 223 -1.85 5.19 3.67 4.08 
d 6000Ho 188 8.28 207 -6.26 223 -2.09 4.50 3.62 3.58 
d 4000Hx 188 17.43 206 -12.04 223 -2.00 5.50 3.55 4.20 
d 6000Hx 188 8.56 207 -6.78 223 -2.27 4.47 3.42 3.50 
d 4000Hy 188 14.93 206 -10.28 223 -1.73 4.76 3.78 3.77 
d 6000Hy 188 7.68 207 -5.76 223 -1.94 4.69 3.79 3.68 
d 4000Jo 194 15.78 212 -10.48 223 -4.02 4.90 2.85 3.64 
d 6000Jo 194 7.73 214 -5.86 223 -3.64 4.80 2.41 3.46 
d 4000Jx 195 15.36 213 -10.90 223 -4.69 5.20 2.87 3.79 
d 6000Jx 194 7.57 214 -6.16 223 -4.09 5.02 2.09 3.51 
d 4000Jy 195 20.23 209 -11.03 223 -2.60 7.24 3.31 5.10 
d 6000Jy 195 9.27 211 -5.39 223 -2.57 5.21 3.22 3.91 
d 4000OL 191 25.37 206 -14.07 223 -2.23 7.15 3.48 5.21 
d 6000OL 191 12.12 208 -7.09 223 -2.46 2.40 3.21 2.61 
d* 4000MP 183 17.67 - - 223 0.175 6.52 6.67 6.02 
d* 6000MP 185 8.55 - - 223 0.265 5.59 6.81 5.42 
e 4000Ho 190 13.89 205 -8.21 223 -2.67 2.77 3.36 2.56 
e 6000Ho 189 7.33 207 -4.31 223 -2.32 4.11 3.78 3.33 
e 4000Hx 189 12.95 205 -9.37 223 -2.94 3.44 3.05 2.78 
e 6000Hx 189 6.81 207 -5.10 223 -2.61 4.49 3.44 3.42 
e 4000Hy 190 10.74 206 -8.11 223 -2.70 3.42 3.30 2.84 
e 6000Hy 189 5.73 207 -4.50 223 -2.39 4.96 3.69 3.75 
e 4000Jo 195 12.86 211 -6.62 223 -4.08 5.22 1.89 3.55 
e 6000Jo 195 6.81 215 -3.69 223 -3.24 5.46 3.13 3.91 
e 4000Jx 196 11.20 212 -7.25 223 -4.64 5.10 1.41 3.43 
e 6000Jx 195 5.95 215 -4.23 223 -3.72 5.56 2.66 3.88 
e 4000Jy 197 16.10 210 -7.98 223 -4.08 7.48 1.95 4.97 
e 6000Jy 196 7.43 214 -4.11 223 -3.26 6.30 3.00 4.41 
e 4000OL 192 21.04 207 -11.09 223 -3.84 4.77 2.18 3.41 
e 6000OL 192 10.19 209 -5.66 223 -3.30 2.93 2.72 2.49 
e* 4000MP 193 20.08 207 -10.65 223 -3.77 4.93 2.22 3.50 
e* 6000MP 193 9.51 210 -5.39 223 -3.24 3.58 2.79 2.84 
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f 4000Ho 190 14.48 205 -8.81 223 -2.77 3.45 3.24 2.88 
f 6000Ho 189 7.25 207 -4.73 223 -2.44 4.32 3.63 3.41 
f 4000Hx 189 14.82 205 -9.72 223 -2.99 3.76 3.00 2.94 
f 6000Hx 189 7.64 207 -5.28 223 -2.65 4.21 3.39 3.26 
f 4000Hy 190 11.76 205 -8.26 223 -2.74 3.53 3.27 2.89 
f 6000Hy 189 6.13 207 -4.59 223 -2.42 4.86 3.66 3.69 
f 4000Jo 195 13.54 211 -7.13 223 -4.23 5.32 1.74 3.61 
f 6000Jo 195 6.80 214 -4.01 223 -3.42 5.48 2.90 3.89 
f 4000Jx 195 12.64 212 -7.62 223 -4.72 5.04 1.39 3.39 
f 6000Jx 195 6.54 214 -4.40 223 -3.79 5.36 2.55 3.75 
f 4000Jy 197 17.32 210 -8.11 223 -4.04 7.59 1.98 5.05 
f 6000Jy 196 8.10 214 -4.10 223 -3.22 6.17 3.02 4.33 
f 4000OL 192 22.29 207 -11.07 223 -3.76 5.36 2.25 3.79 
f 6000OL 192 10.72 208 -5.58 223 -3.23 2.91 2.79 2.53 
f* 4000MP 193 20.10 208 -10.30 223 -3.82 5.65 2.18 3.94 
f* 6000MP 193 9.50 210 -5.22 223 -3.26 4.07 2.78 3.13 
g 4000Ho 188 17.66 204 -8.94 223 -2.58 5.06 3.49 3.87 
g 6000Ho 188 8.91 206 -4.76 223 -2.27 4.30 3.82 3.47 
g4000Hx 187 18.47 204 -9.67 223 -2.77 5.38 3.28 3.96 
g 6000Hx 188 9.69 206 -5.15 223 -2.43 4.06 3.63 3.27 
g 4000Hy 188 14.31 204 -8.32 223 -2.44 4.82 3.64 3.72 
g 6000Hy 188 7.29 209 -4.56 223 -2.16 4.97 3.94 3.83 
g 4000Jo 193 16.48 210 -7.43 223 -4.01 4.47 1.97 3.19 
g 6000Jo 193 8.32 213 -4.10 223 -3.26 4.58 2.98 3.42 
g 4000Jx 194 16.63 211 -7.65 223 -4.45 4.67 1.60 3.23 
g 6000Jx 194 8.61 214 -4.29 223 -3.57 4.58 2.72 3.35 
g 4000Jy 195 19.31 208 -8.26 223 -3.30 6.92 2.64 4.79 
g 6000Jy 195 8.79 211 -4.01 223 -2.71 5.47 3.42 4.07 
g 4000OL 191 24.49 205 -11.10 223 -3.15 6.68 3.82 4.88 
g 6000OL 191 11.52 207 -5.43 223 -2.74 2.93 2.83 2.85 
g* 4000MP 195 18.04 210 -8.74 223 -4.38 7.38 1.66 4.99 
g* 6000MP 195 9.17 213 -4.49 223 -3.62 5.75 2.61 4.09 
h SI 192 13.40 209 -10.85 223 -6.92 2.44 2.40 2.70 
I SII 192 6.82 210 -3.52 223 -2.12 5.91 4.14 4.93 
j SIII 191 4.21 209 --2.18 223 -0.70 8.33 5.73 6.67 
a SRCD from the Protein Circular Dichroism Data Bank (CD000044000).21,42  
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b CDCALC using (1AX8)146 PDB structure minimized via NAMD/CHARMM22, CH3 hydrogens are deleted prior to calculations and only the π–π* 
transition is included in the calculation. 
 c CDCALC using (1AX8)146 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, and CH2 groups are deleted prior to 
calculations. Only the π–π* transition is included in the calculation. 
d CDCALC using (1AX8)146 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, CH2, and CH groups are deleted prior 
to calculations. Only the π–π* transition is included in the calculation. 
e CDCALC using (1AX8)146 PDB structure minimized via NAMD/CHARMM22, CH3 hydrogens are deleted prior to calculations. Both π–π* and n–π* 
transitions are included in the calculation. 
f CDCALC using (1AX8)146 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, and CH2 groups are deleted prior to 
calculations. Both the π–π* and n–π* transitions are included in the calculation. 
g CDCALC using (1AX8)146 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, CH2, and CH groups are deleted prior 
to calculations. Both the π–π* and n–π* transitions are included in the calculation. 
*CDCALC using mean polarizability values for the aliphatic carbons instead of ignoring the hydrogens.  All transition parameters yield the same result. 
hExciton Hamiltonian with Electrostatic Fluctuations (EHEF) method SI (a single conformation) using PDB code 1AX8146.161  
iEHEF method SII (based on 2000 MD snapshots) using PDB code 1AX8.173  
jEHEF method SIII (uses only peptide groups) using PDB code 1AX8146.161 
Yellow highlight represents the lowest RMSD for each category. 
Aqua highlight represents the second lowest RMSD for each category. 







Figure C19 Leptin DInaMo/CDCALC Predicted CD Spectrum on 1AX8146 PDB 
Structure with Methyl Hydrogens Excluded: Only the π–π* Transition is Included in the 
Calculations. Results are presented for both the 4,000 (!) and 6,000 (!) cm-1 bandwidths 
for different parameters: α-helical parameters created for proteins (H), poly-L-proline II 
parameters (J), original parameters created for the dipole interaction model (OL), and 
mean polarizability parameter for methyl group implemented (MP). Identical spectra data 
is obtained when MP is implemented with J, H, or OL parameters. Predicted CD is 













Figure C20. Leptin DInaMo/CDCALC Predicted CD Spectrum on 1AX8146 PDB 
structure with Methyl and Methylene Hydrogens Excluded: Only the π–π* Transition is 
Included in the Calculations. Results are presented for both the 4,000 (!) and 6,000 (!) 
cm-1 bandwidths for different parameters: α-helical parameters created for proteins (H), 
poly-L-proline II parameters (J), original parameters created for the dipole interaction 
model (OL), and mean polarizability parameters for methyl and methylene groups 
implemented (MP). Identical spectra data is obtained when MP is implemented with J, H, 
or OL parameters. Predicted CD is compared to experimental SRCD from the Protein 












Figure C21. Leptin DInaMo/CDCALC Predicted CD Spectrum on 1AX8146 PDB 
structure with Methyl, Methylene, and Methylidyne Hydrogens Excluded: Only the π–π* 
Transition is Included in the Calculations. Results are presented for both the 4,000 (!) 
and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters created for 
proteins (H); poly-L-proline II parameters (J); original parameters created for the dipole 
interaction model (OL); and mean polarizability parameters for methyl, methylene, and 
methylidyne groups implemented (MP). Identical spectra data is obtained when MP is 
implemented with J, H, or OL parameters. Predicted CD is compared to experimental 












Figure C22. Leptin DInaMo/CDCALC Predicted CD Spectrum on 1AX8146 PDB 
Structure with Methyl Hydrogens Excluded: Both  π–π* and n–π* Transitions are 
Included in the Calculations. Results are presented for both the 4,000 (!) and 6,000 (!) 
cm-1 bandwidths for different parameters: α-helical parameters created for proteins (H), 
poly-L-proline II parameters (J), original parameters created for the dipole interaction 
model (OL), and mean polarizability parameter for methyl group implemented (MP). 
Identical spectra data is obtained when MP is implemented with J, H, or OL parameters. 
Predicted CD is compared to experimental SRCD from the Protein Circular Dichroism 









Figure C23. Leptin DInaMo/CDCALC Predicted CD Spectrum on 1AX8146 PDB 
structure with Methyl and Methylene Hydrogens Excluded: Both the π–π* and n–π* 
Transitions are Included in the Calculations. Results are presented for both the 4,000 (!) 
and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters created for 
proteins (H), poly-L-proline II parameters (J), original parameters created for the dipole 
interaction model (OL), and mean polarizability parameters for methyl and methylene 
groups implemented (MP). Identical spectra data is obtained when MP is implemented 
with J, H, or OL parameters. Predicted CD is compared to experimental SRCD from the 










Figure C24. Leptin DInaMo/CDCALC Predicted CD Spectrum on 1AX8146 PDB 
structure with Methyl, Methylene, and Methylidyne Hydrogens Excluded: Both the π–π* 
and n–π* Transitions are Included in the Calculations. Results are presented for both the 
4,000 (!) and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters 
created for proteins (H); poly-L-proline II parameters (J); original parameters created for 
the dipole interaction model (OL); and mean polarizability parameters for methyl, 
methylene, and methylidyne groups implemented (MP). Identical spectra data is obtained 
when MP is implemented with J, H, or OL parameters. Predicted CD is compared to 






Table& C5. CD Analysis of Lysozyme (2VB1).147 Two sets of calculations are done: one set made use of the π–π * transition 
parameter only, and the other set involved both the π–π* and n–π* transition parameters. RMSDs are calculated for the entire 
spectrum (175 – 250 nm), π–π* transition (180 – 210 nm), and n–π* transition (210 – 230 nm). 
























a SRCD 191 6.01 207 -4.68 223 3.41 0.00 0.00 0.00 
b 4000Ho 192 7.43 207 -6.07 223 -1.13 1.12 1.79 1.22 
b 6000Ho 191 3.79 209 -3.15 223 -1.22 1.57 1.84 1.42 
b 4000Hx 191 6.83 207 -6.54 223 -1.22 1.10 1.71 1.18 
b 6000Hx 191 3.50 208 -3.50 223 -1.33 1.63 1.70 1.40 
b 4000Hy 192 5.11 208 -6.13 223 -1.27 1.08 1.67 1.16 
b 6000Hy 191 2.62 209 -3.37 223 -1.37 2.09 1.67 1.62 
b 4000Jo 198 6.96 214 -5.69 223 -2.54 4.14 1.27 2.74 
b 6000Jo 197 3.56 216 -2.95 223 -2.10 3.35 1.23 2.25 
b 4000Jx 198 6.01 214 -5.92 223 -2.95 3.87 1.32 2.57 
b 6000Jx 197 3.13 216 -3.20 223 -2.39 3.26 1.02 2.16 
b 4000Jy 198 9.11 212 -5.99 223 -1.90 4.84 1.50 3.20 
b 6000Jy 198 4.14 214 -2.87 223 -1.72 3.50 1.45 2.38 
b 4000OL 194 12.11 208 -7.67 223 -1.47 3.69 1.64 2.53 
b 6000OL 194 5.64 210 -3.77 223 -1.54 1.58 1.48 1.30 
b* 4000MP 195 12.00 208 -7.36 223 -1.46 3.96 1.64 2.69 
b* 6000MP 194 5.50 210 -3.52 223 -1.50 2.03 1.52 1.55 
c 4000Ho 192 8.61 207 -5.92 223 -1.06 1.45 1.85 1.38 
c 6000Ho 192 4.39 209 -2.99 223 -1.13 1.38 1.93 1.37 
c 4000Hx 191 8.60 207 -6.30 223 -1.12 1.36 1.79 1.32 
c 6000Hx 191 4.56 209 -3.23 223 -1.21 1.17 1.83 1.25 
c 4000Hy 191 7.68 208 -5.85 223 -1.15 0.94 1.77 1.15 
c 6000Hy 191 4.23 209 -3.03 223 -1.21 1.38 1.84 1.34 
c 4000Jo 198 8.06 214 -5.54 223 -2.41 4.52 1.25 2.97 
c 6000Jo 197 4.13 216 -2.80 223 -1.98 3.48 1.36 2.34 
c 4000Jx 198 7.50 214 -5.74 223 -2.79 4.26 1.26 2.81 
c 6000Jx 197 4.02 216 -2.98 223 -2.23 3.35 1.20 2.24 
c 4000Jy 198 9.85 211 -5.83 223 -1.79 5.13 1.49 3.38 
c 6000Jy 198 4.44 214 -2.74 223 -1.62 3.62 1.56 2.47 
c 4000OL 194 12.24 207 -7.58 223 -1.42 3.83 1.64 2.61 
c 6000OL 194 5.49 209 -3.73 223 -1.50 1.73 1.52 1.39 
c* 4000MP 195 10.66 208 -6.06 223 -1.29 4.07 1.67 2.76 
c* 6000MP 195 4.69 211 -2.93 223 -1.31 2.69 1.75 1.97 
! 205$
Table 5C. Cont. 
























d 4000Ho 189 10.18 206 -6.36 223 -0.96 2.37 1.96 1.86 
d 6000Ho 189 5.51 207 -3.25 223 1.06 1.15 1.99 1.31 
d 4000Hx 189 10.16 206 -6.88 223 -1.06 2.49 1.86 1.89 
d 6000Hx 189 5.40 207 -3.58 223 -1.18 1.10 1.85 1.24 
d 4000Hy 189 8.12 206 -6.22 223 -1.00 1.75 1.92 1.54 
d 6000Hy 189 4.51 207 -3.28 223 -1.11 1.47 1.94 1.42 
d 4000Jo 195 9.58 212 -5.98 223 -2.14 3.57 1.44 2.42 
d 6000Jo 195 5.16 214 -3.05 223 -1.89 2.61 1.30 1.82 
d 4000Jx 196 8.96 213 -6.25 223 -2.56 3.83 1.49 2.58 
d 6000Jx 195 4.78 215 -3.26 223 -2.19 2.86 1.08 1.93 
d 4000Jy 196 11.34 209 -5.69 223 -1.24 4.46 1.70 3.00 
d 6000Jy 196 5.24 212 -2.57 223 -1.22 2.92 1.88 2.13 
d 4000OL 192 14.47 206 -7.18 223 -1.02 4.17 1.89 2.86 
d 6000OL 192 6.71 208 -3.39 223 -1.12 1.10 1.92 1.26 
d* 4000MP 186 10.88 175 -10.85 223 0.36 4.41 3.97 3.52 
d* 6000MP 188 6.06 175 -5.60 223 0.49 3.42 4.13 3.10 
e 4000Ho 191 7.65 205 -4.47 223 -1.44 0.83 1.77 1.08 
e 6000Ho 191 4.08 208 -2.22 223 -1.24 1.64 2.03 1.51 
e 4000Hx 191 7.33 205 -4.80 223 -1.56 0.82 1.65 1.02 
e 6000Hx 191 3.85 208 -2.46 223 -1.35 1.67 1.91 1.47 
e 4000Hy 191 6.86 206 -4.39 223 -1.49 0.50 1.70 0.96 
e 6000Hy 190 3.97 208 -2.22 223 -1.28 1.68 1.99 1.51 
e 4000Jo 197 7.10 212 -3.48 223 -2.19 3.65 0.95 2.39 
e 6000Jo 196 3.77 216 -1.87 223 -1.72 3.18 1.77 2.24 
e 4000Jx 197 6.49 212 -3.52 223 -2.38 3.63 0.78 2.36 
e 6000Jx 196 3.49 217 -1.98 223 -1.86 3.22 1.67 2.24 
e 4000Jy 198 8.86 210 -4.32 223 -2.12 4.39 0.99 2.86 
e 6000Jy 197 4.09 214 -2.12 223 -1.68 3.38 1.68 2.34 
e 4000OL 194 11.97 206 -5.64 223 -1.83 3.27 1.30 2.20 
e 6000OL 193 5.71 209 -2.65 223 -1.55 1.70 1.67 1.41 
e* 4000MP 194 11.20 207 -5.47 223 -1.79 3.30 1.32 2.30 
e* 6000MP 194 5.18 210 -2.57 223 -1.52 2.05 1.70 1.65 
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f 4000Ho 191 8.61 205 -4.48 223 -1.44 1.34 1.78 1.28 
f 6000Ho 191 4.39 208 -2.18 223 -1.23 1.60 2.05 1.50 
f 4000Hx 191 9.18 205 -4.75 223 -1.52 1.43 1.69 1.29 
f 6000Hx 190 4.94 208 -2.32 223 -1.29 1.34 1.98 1.36 
f 4000Hy 191 6.87 206 -4.62 223 -1.58 0.74 1.62 0.99 
f 6000Hy 191 3.59 208 -2.40 223 -1.37 1.81 1.89 1.54 
f 4000Jo 197 7.98 212 -3.46 223 -2.19 4.16 0.96 2.71 
f 6000Jo 197 4.04 216 -1.84 223 -1.72 3.41 1.79 2.37 
f 4000Jx 197 8.19 212 -3.48 223 -2.36 4.07 0.81 2.64 
f 6000Jx 196 4.48 218 -1.88 223 -1.80 3.32 1.76 2.32 
f 4000Jy 198 9.54 210 -4.00 223 -2.01 4.72 1.11 3.08 
f 6000Jy 197 4.37 214 -1.92 223 -1.57 3.54 1.82 2.46 
f 4000OL 193 12.96 206 -5.60 223 -1.76 3.58 1.37 2.40 
f 6000OL 193 6.23 209 -2.56 223 -1.49 1.67 1.74 1.42 
f* 4000MP 195 10.72 207 -4.66 223 -1.50 3.65 1.60 2.57 
f* 6000MP 195 4.81 210 -2.14 223 -1.29 2.57 1.97 2.02 
g 4000Ho 189 9.60 204 -5.07 223 -1.47 2.13 1.78 1.66 
g 6000Ho 189 5.02 206 -2.53 223 -1.27 1.49 2.00 1.43 
g4000Hx 189 10.65 204 -5.21 223 -1.54 2.51 1.71 1.85 
g 6000Hx 189 5.71 207 -2.56 223 -1.31 1.34 1.95 1.35 
g 4000Hy 189 7.96 204 -4.99 223 -1.48 1.71 1.76 1.44 
g 6000Hy 189 4.25 206 -2.59 223 -1.30 1.73 1.96 1.52 
g 4000Jo 195 8.93 210 -4.09 223 -2.24 3.23 0.90 2.12 
g 6000Jo 195 4.65 214 -2.14 223 -1.79 2.67 1.59 1.91 
g 4000Jx 195 9.12 211 -4.03 223 -2.47 3.71 0.69 2.41 
g 6000Jx 195 4.90 216 -2.15 223 -1.92 2.93 1.53 2.05 
g 4000Jy 196 9.97 208 -4.26 223 -1.69 4.28 1.45 2.84 
g 6000Jy 196 4.32 211 -2.00 223 -1.39 3.21 1.91 2.29 
g 4000OL 192 12.49 204 -5.83 223 -1.57 3.75 1.62 2.55 
g 6000OL 192 5.27 207 -2.80 223 -1.38 1.87 1.84 1.55 
g* 4000MP 196 11.41 209 -4.37 223 -1.98 4.79 1.11 3.23 
g* 6000MP 196 5.50 213 -2.07 223 -1.59 3.27 1.75 2.37 
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h4000Hy 190 11.31 204 -7.26 223 -0.59 3.19 2.02 2.67 
i6000Hy 189 6.36 206 /6.46 223 -1.06 1.71 1.98 1.51 
jSrWo1 190 6.39 207 /2.05 223 -2.66 0.88 1.11 1.11 
kSrWo2 190 6.29 210 /2.46 223 -2.15 0.94 1.54 1.25 
lMM1 192 7.40 211 /4.43 223 -2.55 1.38 0.79 1.20 
mMM2 192 7.20 210 /4.82 223 -2.83 1.44 0.70 1.20 
nMM3 192 5.37 210 /4.23 223 -2.42 0.93 0.83 1.08 
a SRCD from the Protein Circular Dichroism Data Bank (CD000045000).21,42  
b CDCALC using (2VB1)147 PDB structure minimized via NAMD/CHARMM22, CH3 hydrogens are deleted prior to calculations and only the π–π* 
transition is included in the calculation. 
 c CDCALC using (2VB1)147 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, and CH2 groups are deleted prior to 
calculations. Only the π–π* transition is included in the calculation. 
d CDCALC using (2VB1)147 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, CH2, and CH groups are deleted prior 
to calculations. Only the π–π* transition is included in the calculation. 
e CDCALC using (2VB1)147 PDB structure minimized via NAMD/CHARMM22, CH3 hydrogens are deleted prior to calculations. Both π–π* and n–π* 
transitions are included in the calculation. 
f CDCALC using (2VB1)147 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, and CH2 groups are deleted prior to 
calculations. Both the π–π* and n–π* transitions are included in the calculation. 
g CDCALC using (2VB1)147 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, CH2, and CH groups are deleted prior 
to calculations. Both the π–π* and n–π* transitions are included in the calculation. 
*CDCALC using mean polarizability values for the aliphatic carbons instead of ignoring the hydrogens – all transition parameters yield the same results. 
h CAPPS, Rebuilt PDB code 1LSE174 published by Bode and Applequist66 with a bandwidth of 4000 cm−1. 
 i CAPPS, Rebuilt PDB code 1LSE174 published by Bode and Applequist66 with a bandwidth of 6000 cm−1. 
j Matrix method with semi empirical parameters on peptide groups only using PDB structure 7LYZ .86,175 
k Matrix method with semi empirical on peptide groups and aromatic side chains using PDB structure 7LYZ. 86,175 
l Matrix method with ab initio parameters including only the protein backbone transitions using PDB structure 193L.83,176 
m Matrix method with ab initio parameters including protein backbone and charge-transfer transitions using PDB structure 193L.83,176 
n Matrix method with ab initio parameters including protein backbone, charge-transfer and side chain transitions using PDB structure 193L.83,176  
Yellow highlight represents the lowest RMSD for each category. 
Aqua highlight represents the second lowest RMSD for each category. 











Figure C25. Leptin DInaMo/CDCALC Predicted CD Spectrum on 2VB1147 PDB 
Structure with Methyl Hydrogens Excluded: Only the π–π* Transition is Included in the 
Calculations. Results are presented for both the 4,000 (!) and 6,000 (!) cm-1 bandwidths 
for different parameters: α-helical parameters created for proteins (H), poly-L-proline II 
parameters (J), original parameters created for the dipole interaction model (OL), and 
methyl group mean polarizability parameter (MP) Identical spectra data is obtained when 
MP is implemented with J, H, or OL parameters. implemented. Predicted CD is 










Figure C26. Leptin DInaMo/CDCALC Predicted CD Spectrum on 2VB1147 PDB 
Structure with Methyl and Methylene Hydrogens Excluded: Only the π–π* Transition is 
Included in the Calculations. Results are presented for both the 4,000 (!) and 6,000 (!) 
cm-1 bandwidths for different parameters: α-helical parameters created for proteins (H), 
poly-L-proline II parameters (J), original parameters created for the dipole interaction 
model (OL), and mean polarizability parameters for methyl and methylene groups 
implemented (MP). Identical spectra data is obtained when MP is implemented with J, H, 
or OL parameters. Predicted CD is compared to experimental SRCD from the Protein 










Figure C27. Leptin DInaMo/CDCALC Predicted CD Spectrum on 2VB1147 PDB 
Structure with Methyl, Methylene, and Methylidyne Hydrogens Excluded: Only the π–π* 
Transition is Included in the Calculations. Results are presented for both the 4,000 (!) 
and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters created for 
proteins (H); poly-L-proline II parameters (J); original parameters created for the dipole 
interaction model (OL); and mean polarizability parameters for methyl, methylene, and 
methylidyne groups implemented (MP). Identical spectra data is obtained when MP is 
implemented with J, H, or OL parameters. Predicted CD is compared to experimental 
SRCD from the Protein Circular Dichroism Data Bank (CD0000045000) (•).21,42 








Figure C28. Leptin DInaMo/CDCALC Predicted CD Spectrum on 2VB1147 PDB 
Structure with Methyl Hydrogens Excluded: Both the π–π* and n–π* Transitions are 
Included in the Calculations. Results are presented for both the 4,000 (!) and 6,000 (!) 
cm-1 bandwidths for different parameters: α-helical parameters created for proteins (H), 
poly-L-proline II parameters (J), original parameters created for the dipole interaction 
model (OL), and mean polarizability parameters for methyl group implemented (MP). 
Identical spectra data is obtained when MP is implemented with J, H, or OL parameters. 
Predicted CD is compared to experimental SRCD from the Protein Circular Dichroism 









Figure C29. Leptin DInaMo/CDCALC Predicted CD Spectrum on 2VB1147 PDB 
Structure with Methyl and Methylene Hydrogens Excluded: Both the π–π* and n–π* 
transitions are included in the calculations. Results are presented for both the 4,000 (!) 
and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters created for 
proteins (H), poly-L-proline II parameters (J), original parameters created for the dipole 
interaction model (OL), and mean polarizability parameters for methyl and methylene 
groups implemented (MP). Identical spectra data is obtained when MP is implemented 
with J, H, or OL parameters. Predicted CD is compared to experimental SRCD from the 
Protein Circular Dichroism Data Bank (CD0000045000) (•).21,42 
 







Figure C30. Leptin DInaMo/CDCALC Predicted CD Spectrum on 2VB1147 PDB 
Structure with Methyl, Methylene, and Methylidyne Hydrogens Excluded: Both the π–π* 
and n–π* Transitions are Included in the Calculations. Results are presented for both the 
4,000 (!) and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters 
created for proteins (H); poly-L-proline II parameters (J); original parameters created for 
the dipole interaction model (OL); and mean polarizability parameters for methyl, 
methylene, and methylidyne groups implemented (MP). Identical spectra data is obtained 
when MP is implemented with J, H, or OL parameters. Predicted CD is compared to 
experimental SRCD from the Protein Circular Dichroism Data Bank (CD0000045000) 
(•).21,42 
! ! ! ! ! !!!!
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Table C6. CD Analysis of Horse Myoglobin (2V1K).148 Two sets of calculations are done: one set made use of the π–π * 
transition parameter, and the other set involved both the π–π* and n–π* transition parameters. RMSDs are calculated for the 
entire spectrum (175 – 250 nm), π–π* transition (180 – 210 nm), and n–π* transition (210 – 230 nm). 
























a SRCD 192 16.75 209 -7.51 223 -8.04 0.00 0.00 0.00 
b 4000Ho 189 15.64 207 -13.65 223 -2.69 6.84 4.01 4.88 
b 6000Ho 188 8.45 208 -7.83 223 -2.95 6.73 3.76 4.76 
b 4000Hx 189 16.32 207 -14.98 223 -2.93 7.82 3.92 5.43 
b 6000Hx 187 9.05 208 -8.69 223 -3.24 7.05 3.50 4.89 
b 4000Hy 188 13.36 207 -12.98 223 -2.70 7.21 3.98 5.09 
b 6000Hy 187 7.62 208 -7.62 223 -2.96 7.30 3.76 5.08 
b 4000Jo 195 14.65 214 -12.77 223 -5.93 3.52 3.49 2.95 
b 6000Jo 194 7.92 215 -7.33 223 -5.05 5.36 2.18 3.65 
b 4000Jx 194 14.59 214 -13.65 223 -6.92 2.99 3.82 2.80 
b 6000Jx 193 8.21 215 -7.96 223 -5.74 5.05 1.73 3.39 
b 4000Jy 197 18.45 212 -13.26 223 -4.73 6.62 3.78 4.74 
b 6000Jy 196 8.96 214 -6.95 223 -4.26 6.12 2.75 4.24 
b 4000OL 192 23.59 208 -16.79 223 -4.23 5.94 4.16 4.44 
b 6000OL 192 11.65 210 -9.35 223 -4.31 3.94 2.76 2.98 
b* 4000MP 193 23.01 209 -16.27 223 -4.29 5.53 4.11 4.20 
b* 6000MP 193 11.23 210 -8.91 223 -4.28 3.94 2.75 2.97 
c 4000Ho 189 15.89 207 -13.76 223 -2.62 7.22 4.04 5.12 
c 6000Ho 188 8.60 208 -7.90 223 -2.90 6.90 3.81 4.86 
c 4000Hx 188 16.64 206 -15.08 223 -2.85 8.28 3.94 5.70 
c 6000Hx 187 9.14 207 -8.78 223 -3.17 7.31 3.55 5.05 
c 4000Hy 188 13.71 207 -13.12 223 -2.64 7.53 4.02 5.28 
c 6000Hy 187 7.74 208 -7.69 223 -2.91 7.44 3.80 5.19 
c 4000Jo 194 14.96 213 -12.93 223 -5.75 3.13 3.56 2.88 
c 6000Jo 193 8.06 214 -7.41 223 -4.98 5.27 2.23 3.61 
c 4000Jx 194 15.12 214 -13.67 223 -6.66 2.76 3.84 2.71 
c 6000Jx 193 8.43 215 -7.96 223 -5.61 4.93 1.82 3.23 
c 4000Jy 196 18.54 212 -13.35 223 -4.53 6.42 3.83 4.65 
c 6000Jy 196 8.94 213 -7.01 223 -4.15 6.02 2.82 4.19 
c 4000OL 192 24.04 208 -17.13 223 -3.85 6.31 4.14 4.65 
c 6000OL 191 11.96 210 -9.34 223 -4.02 3.92 2.94 3.01 
c* 4000MP 193 22.15 210 -8.87 223 -4.47 5.20 3.96 4.02 
c* 6000MP 193 11.21 211 -16.25 223 -4.42 3.77 2.70 2.89 
! 215$
Table C6. Cont. 
























d 4000Ho 187 16.45 205 -13.87 223 -2.33 8.86 4.24 6.12 
d 6000Ho 187 8.68 206 -8.05 223 -2.65 7.88 4.04 5.48 
d 4000Hx 187 17.40 206 -14.92 223 -2.53 9.32 4.10 6.25 
d 6000Hx 186 9.37 206 -8.68 223 -2.87 7.91 3.82 5.46 
d 4000Hy 187 14.64 206 -12.89 223 -2.20 8.85 4.35 6.14 
d 6000Hy 186 8.25 206 -7.53 223 -2.50 8.10 4.20 5.65 
d 4000Jo 193 15.41 212 -13.06 223 -5.01 2.94 3.66 2.75 
d 6000Jo 192 8.17 213 -7.56 223 -4.60 5.18 2.48 3.60 
d 4000Jx 193 15.65          213 -13.58 223 -5.88 2.42 3.83 2.57 
d 6000Jx 192 8.55 214 -7.91 223 -5.17 4.83 2.10 3.31 
d 4000Jy 194 18.62 209 -13.35 223 -3.31 5.35 3.86 4.10 
d 6000Jy 194 8.75 211 -7.01 223 -3.34 5.60 3.44 4.10 
d 4000OL 190 24.61 206 -16.39 223 -2.84 7.64 4.00 5.40 
d 6000OL 190 12.33 208 -8.80 223 -3.13 4.82 3.58 3.67 
d* 4000MP 184 18.70 175 -14.15 223 0.06 8.60 7.43 7.51 
d* 6000MP 185 8.78 175 -6.11 223 0.11 7.60 7.49 6.52 
e 4000Ho 189 15.33 205 -11.10 223 -3.69 6.87 3.31 4.72 
e 6000Ho 188 8.26 207 -6.25 223 -3.25 6.89 3.74 4.83 
e 4000Hx 188 16.47 205 -12.28 223 -4.00 7.63 3.00 5.13 
e 6000Hx 187 9.15 207 -6.98 223 -3.54 6.99 3.42 4.83 
e 4000Hy 188 13.84 205 -10.73 223 -3.67 7.21 3.31 4.93 
e 6000Hy 187 7.92 207 -6.19 223 -3.24 7.24 3.75 5.04 
e 4000Jo 194 14.27 211 -9.14 223 -5.57 3.34 1.68 2.40 
e 6000Jo 193 7.72 214 -5.39 223 -4.54 5.50 2.70 3.83 
e 4000Jx 194 14.78 212 -9.70 223 -6.23 2.68 1.46 1.99 
e 6000Jx 193 8.34 214 -5.85 223 -5.03 5.02 2.24 3.47 
e 4000Jy 196 17.98 210 -9.68 223 -5.17 6.14 2.09 4.15 
e 6000Jy 196 8.77 214 -5.19 223 -4.13 6.16 3.06 4.31 
e 4000OL 192 23.88 207 -12.78 223 -5.00 4.86 2.29 3.39 
e 6000OL 192 12.07 210 -6.87 223 -4.25 3.46 2.75 2.69 
e* 4000MP 193 21.51 207 -12.48 223 -4.99 4.60 2.29 3.25 
e* 6000MP 192 10.48 210 -6.78 223 -4.27 4.36 2.74 3.20 
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f 4000Ho 188 15.79 205 -11.29 223 -3.65 7.19 3.35 4.92 
f 6000Ho 188 8.55 206 -6.35 223 -3.23 6.96 3.76 4.88 
f 4000Hx 188 17.18 205 -12.52 223 -3.96 8.05 3.05 5.39 
f 6000Hx 187 9.49 206 -7.13 223 -3.52 7.13 3.45 4.91 
f 4000Hy 188 14.99 205 -10.68 223 -3.57 7.19 3.42 4.94 
f 6000Hy 187 8.59 207 -6.07 223 -3.14 7.03 3.85 4.93 
f 4000Jo 194 14.87 211 -9.34 223 -5.53 3.11 1.73 2.28 
f 6000Jo 193 8.02 213 -5.47 223 -4.52 5.34 2.69 3.74 
f 4000Jx 194 15.46 211 -9.98 223 -6.21 2.43 1.54 1.87 
f 6000Jx 193 8.66 214 -5.97 223 -5.04 4.84 2.21 3.36 
f 4000Jy 196 18.12 210 -10.06 223 -5.09 5.92 2.17 4.03 
f 6000Jy 195 8.78 213 -5.35 223 -4.11 6.04 3.03 4.24 
f 4000OL 192 23.36 207 -13.59 223 -4.85 5.48 2.40 3.80 
f 6000OL 191 11.73 209 -7.30 223 -4.20 3.98 2.78 2.99 
f* 4000MP 193 20.23 208 -12.96 223 -5.25 4.41 2.23 3.15 
f* 6000MP 192 10.01 210 -7.10 223 -4.52 4.56 2.50 3.27 
g 4000Ho 187 15.77 204 -12.37 223 -3.56 9.21 3.45 6.16 
g 6000Ho 186 8.15 205 -7.15 223 -3.22 8.28 3.75 5.65 
g4000Hx 187 16.29 204 -12.87 223 -3.78 9.38 3.24 6.23 
g 6000Hx 186 8.61 205 7.45 223 -3.40 8.25 3.56 5.60 
g 4000Hy 187 13.65 204 -11.60 223 -3.37 9.30 3.63 6.25 
g 6000Hy 186 7.42 205 -6.80 223 -3.05 8.61 3.92 5.88 
g 4000Jo 192 14.65 210 -10.43 223 -5.43 3.34 1.93 2.43 
g 6000Jo 192 7.65 212 -6.19 223 -4.58 5.57 2.52 3.84 
g 4000Jx 193 14.67 210 -10.37 223 -5.98 2.81 1.70 2.09 
g 6000Jx 192 7.89 213 -6.26 223 -4.94 5.30 2.23 3.63 
g 4000Jy 194 17.01 208 -11.25 223 -4.43 5.27 2.64 3.76 
g 6000Jy 194 7.69 210 -6.05 223 -3.79 6.16 3.20 4.36 
g 4000OL 190 23.07 205 -13.56 223 -4.09 7.08 2.93 4.87 
g 6000OL 190 11.29 207 -7.21 223 -3.60 5.28 3.35 3.86 
g* 4000MP 193 17.67 210 -11.32 223 -6.23 2.63 1.81 2.08 
g* 6000MP 193 9.62 213 -6.50 223 -5.22 4.39 1.95 3.07 
hMM1 192 15.08 211 +11.16 223 -5.82 3.13 2.28 3.19 
iMM2 192 14.09 210 +11.96 223 -6.24 3.72 2.41 3.33 
jMM3 191 11.47 209 +11.82 223 -6.27 4.78 2.37 3.90 
a SRCD from the Protein Circular Dichroism Data Bank (CD000047000).21,42  
! 217$
b CDCALC using (2V1K)148 PDB structure minimized via NAMD/CHARMM22, CH3 hydrogens are deleted prior to calculations and only the π–π* 
transition is included in the calculation. 
 c CDCALC using (2V1K)148 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, and CH2 groups are deleted prior to 
calculations. Only the π–π* transition is included in the calculation. 
d CDCALC using (2V1K)148 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, CH2, and CH groups are deleted prior 
to calculations. Only the π–π* transition is included in the calculation. 
e CDCALC using (2V1K)148 PDB structure minimized via NAMD/CHARMM22, CH3 hydrogens are deleted prior to calculations. Both π–π* and n–π* 
transitions are included in the calculation. 
f CDCALC using (2V1K)148 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, and CH2 groups are deleted prior to 
calculations. Both the π–π* and n–π* transitions are included in the calculation. 
g CDCALC using (2V1K)148 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, CH2, and CH groups are deleted prior 
to calculations. Both the π–π* and n–π* transitions are included in the calculation. 
*CDCALC using mean polarizability values for the aliphatic carbons instead of ignoring the hydrogens – all transition parameters yield the same results. 
h Matrix method with ab initio parameters using PDB code 1YMB168 including only the protein backbone transitions.83 
i Matrix method with ab initio parameters using PDB code 1YMB168 including protein backbone and charge-transfer transitions.83 
j Matrix method using with ab initio parameters PDB code 1YMB168 including protein backbone, charge-transfer and side chain transitions.83 
Yellow highlight represents the lowest RMSD for each category. 
Aqua highlight represents the second lowest RMSD for each category. 









Figure C31. Horse Myoglobin DInaMo/CDCALC Predicted CD Spectrum on 2V1K148 
PDB Structure with Methyl Hydrogens Excluded; Only the π–π* Transition is Included 
in the Calculations. Results are presented for both the 4,000 (!) and 6,000 (!) cm-1 
bandwidths for different parameters: α-helical parameters created for proteins (H), poly-
L-proline II parameters (J), original parameters created for the dipole interaction model 
(OL), and mean polarizability parameters for methyl group implemented (MP). Identical 
spectra data is obtained when MP is implemented with J, H, or OL parameters. Predicted 












Figure C32. Horse Myoglobin DInaMo/CDCALC Predicted CD Spectrum on 2V1K148 
PDB Structure with Methyl and Methylene Hydrogens Excluded: Only the π–π* 
Transition is Included in the Calculations. Results are presented for both the 4,000 (!) 
and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters created for 
proteins (H), poly-L-proline II parameters (J), original parameters created for the dipole 
interaction model (OL), and mean polarizability parameters for methyl and methylene 
groups implemented (MP). Identical spectra data is obtained when MP is implemented 
with J, H, or OL parameters. Predicted CD is compared to experimental SRCD from the 
Protein Circular Dichroism Data Bank (CD0000047000) (•).21,42 








Figure C33. Horse Myoglobin DInaMo/CDCALC Predicted CD Spectrum on 2V1K148 
PDB Structure with Methyl, Methylene, and Methylidyne Hydrogens Excluded: Only the 
π–π* Transition is Included in the Calculations. Results are presented for both the 4,000 
(!) and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters created 
for proteins (H); poly-L-proline II parameters (J); original parameters created for the 
dipole interaction model (OL); and mean polarizability parameters for methyl, methylene, 
and methylidyne groups implemented (MP). Identical spectra data is obtained when MP 
is implemented with J, H, or OL parameters. Predicted CD is compared to experimental 
SRCD from the Protein Circular Dichroism Data Bank (CD0000047000) (•).21,42 








Figure C34. Horse Myoglobin DInaMo/CDCALC Predicted CD Spectrum on 2V1K148 
PDB Structure with Methyl Hydrogens Excluded: Both the π–π* and n–π* Transitions 
are Included in the Calculations. Results are presented for both the 4,000 (!) and 6,000 
(!) cm-1 bandwidths for different parameters: α-helical parameters created for proteins 
(H), poly-L-proline II parameters (J), original parameters created for the dipole 
interaction model (OL), and mean polarizability parameter for methyl group implemented 
(MP). Identical spectra data is obtained when MP is implemented with J, H, or OL 
parameters. Predicted CD is compared to experimental SRCD from the Protein Circular 










Figure C35. Horse Myoglobin DInaMo/CDCALC Predicted CD Spectrum on 2V1K148 
PDB Structure with Methyl and Methylene Hydrogens Excluded: Both the π–π* and n–
π* Transitions are Included in the Calculations. Results are presented for both the 4,000 
(!) and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters created 
for proteins (H), poly-L-proline II parameters (J), original parameters created for the 
dipole interaction model (OL), and mean polarizability parameters for methyl and 
methylene groups implemented (MP). Identical spectra data is obtained when MP is 
implemented with J, H, or OL parameters. Predicted CD is compared to experimental 











Figure C36. Horse Myoglobin DInaMo/CDCALC Predicted CD Spectrum on 2V1K148 
PDB Structure with Methyl, Methylene, and Methylidyne Hydrogens Excluded: Both the 
π–π* and n–π* Transitions are Included in the Calculations. Results are presented for 
both the 4,000 (!) and 6,000 (!) cm-1 bandwidths for different parameters: α-helical 
parameters created for proteins (H); poly-L-proline II parameters (J); original parameters 
created for the dipole interaction model (OL); and mean polarizability parameters for 
methyl, methylene, and methylidyne groups implemented (MP). Identical spectra data is 
obtained when MP is implemented with J, H, or OL parameters. Predicted CD is 





Table C7. CD Analysis of Sperm Whale Myoglobin (2JHO).149 Two sets of calculations are done: one set made use of the π–π * 
transition parameter, and the other set involved both the π–π* and n–π* transition parameters. RMSDs are calculated for the entire 
spectrum (175 – 250 nm), π–π* transition (180 – 210 nm), and n–π* transition (210 – 230 nm). 
























a SRCD 193 17.33 210 -8.66 223 -8.66 0.00 0.00 0.00 
b 4000Ho 189 16.84 207 -13.84 223 -2.68 7.56 4.47 5.42 
b 6000Ho 188 8.68 208 -7.94 223 -2.96 7.26 4.25 5.18 
b 4000Hx 188 19.03 207 -14.97 223 -2.84 8.42 4.40 5.89 
b 6000Hx 188 10.28 208 -8.59 223 -3.13 7.17 4.08 5.09 
b 4000Hy 188 15.88 207 -13.22 223 -2.67 7.73 4.47 5.50 
b 6000Hy 188 8.64 208 -7.68 223 -2.93 6.17 3.32 4.40 
b 4000Jo 195 15.76 213 -12.97 223 -5.89 4.03 3.69 3.31 
b 6000Jo 194 8.17 215 -7.44 223 -5.07 5.80 2.65 4.02 
b 4000Jx 194 17.10 214 -13.64 223 -6.71 3.08 3.85 2.88 
b 6000Jx 194 9.29 215 -7.86 223 -5.60 4.98 2.29 3.45 
b 4000Jy 196 20.29 212 -13.41 223 -4.59 6.80 4.08 4.94 
b 6000Jy 196 9.81 213 -6.93 223 -4.16 6.17 3.32 4.40 
b 4000OL 192 25.89 208 -16.87 223 -4.10 6.58 4.42 4.91 
b 6000OL 192 12.87 210 -9.23 223 -4.18 3.86 3.29 3.11 
b* 4000MP 193 24.85 209 -16.42 223 -4.17 6.06 4.39 4.62 
b* 6000MP 193 12.18 210 -8.86 223 -4.17 3.98 3.29 3.18 
c 4000Ho 189 17.91 207 -13.81 223 -2.59 7.77 4.53 5.55 
c 6000Ho 188 9.50 208 -7.87 223 -2.86 7.10 4.34 5.11 
c 4000Hx         188 18.52 206 -15.24 223 -2.82 8.95 4.41 6.20 
c 6000Hx 188 9.77 207 -8.82 223 -3.14 7.67 4.07 5.34 
c 4000Hy 188 15.52 207 -13.19 223 -2.62 7.97 4.50 5.65 
c 6000Hy 187 8.36 208 -7.69 223 -2.88 6.15 3.34 4.40 
c 4000Jo 194 16.87 213 -12.99 223 -5.70 3.51 3.73 3.07 
c 6000Jo 194 8.89 214 -7.38 223 -4.94 5.34 2.74 3.76 
c 4000Jx 194 16.07 214 -13.84 223 -6.61 3.37 3.96 3.06 
c 6000Jx 193 8.47 215 -8.06 223 -5.62 5.45 2.27 3.74 
c 4000Jy 196 20.24 211 -13.60 223 -4.48 6.67 4.13 4.88 
c 6000Jy 196 9.66 213 -7.07 223 -4.12 6.15 3.34 4.40 
c 4000OL 192 25.80 208 -17.33 223 -3.81 7.02 4.44 5.19 
c 6000OL 192 12.68 209 -9.37 223 -3.99 4.21 3.43 3.35 
c* 4000MP 193 23.84 209 -16.49 223 -4.22 3.55 4.53 4.39 
c* 6000MP 193 12.09 211 -8.81 223 -4.22 3.84 3.25 3.10 
! 225#
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d 4000Ho 187 18.48 205 -13.99 223 -2.30 9.74 4.74 6.74 
d 6000Ho 187 9.74 206 -8.08 223 -2.62 8.26 4.57 5.83 
d 4000Hx 187 19.39 205 -15.15 223 -2.49 10.37 4.59 7.08 
d 6000Hx 186 10.34 206 -8.79 223 -2.85 8.45 4.34 5.89 
d 4000Hy 186 16.46 205 -13.23 223 -2.21 9.91 4.82 6.85 
d 6000Hy 186 8.99 206 -7.76 223 -2.52 5.39 4.03 4.16 
d 4000Jo 192 17.26 212 -13.14 223 -4.95 2.98 3.90 2.90 
d 6000Jo 192 9.17 213 -7.58 223 -4.55 5.10 3.00 3.68 
d 4000Jx 193 17.50 213 -13.74 223 -5.79 2.52 4.01 2.73 
d 6000Jx 192 9.42 214 -8.00 223 -5.14 4.83 2.59 3.42 
d 4000Jy 194 20.44 209 -13.39 223 -3.20 5.24 4.28 4.19 
d 6000Jy 194 9.75 211 -6.91 223 -3.23 5.39 4.03 4.12 
d 4000OL 190 25.88 206 -16.95 223 -2.88 8.63 4.42 6.15 
d 6000OL 190 12.82 208 -9.09 223 -3.18 5.48 4.03 4.19 
d* 4000MP 184 19.17 175 -15.43 223 0.13 8.98 8.00 7.92 
d* 6000MP 185 8.95 175 -6.78 223 0.20 7.91 8.08 6.89 
e 4000Ho 189 16.59 205 -11.54 223 -3.75 7.66 3.73 5.29 
e 6000Ho 188 8.58 207 -6.50 223 -3.32 7.41 4.16 5.23 
e 4000Hx 188 17.98 205 -13.04 223 -4.10 8.63 3.39 5.80 
e 6000Hx 188 9.46 206 -7.44 223 -3.66 7.63 3.79 5.28 
e 4000Hy 188 15.24 205 -11.06 223 -3.68 7.84 3.79 5.40 
e 6000Hy 187 8.19 207 -6.34 223 -3.27 6.34 3.49 4.52 
e 4000Jo 194 15.43 211 -9.51 223 -5.66 3.82 2.06 2.77 
e 6000Jo 194 8.02 214 -5.58 223 -4.63 5.88 3.07 4.15 
e 4000Jx 194 15.90 211 -10.46 223 -6.46 3.28 1.82 2.42 
e 6000Jx 193 8.40 214 -6.29 223 -5.27 5.49 2.47 3.81 
e 4000Jy 196 19.38 210 -10.09 223 -5.19 6.33 2.53 4.34 
e 6000Jy 196 9.27 213 -5.34 223 -4.17 6.34 3.49 4.52 
e 4000OL 192 24.45 207 -13.70 223 -5.13 5.92 2.67 4.15 
e 6000OL 191 11.98 209 -7.43 223 -4.42 4.37 3.07 3.31 
e* 4000MP 193 23.37 207 -13.05 223 -5.01 5.36 2.71 3.84 
e* 6000MP 192 11.37 210 -6.98 223 -4.30 4.49 3.20 3.42 
  
! 226#
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f 4000Ho 188 16.77 205 -11.20 223 -3.61 7.77 3.88 5.39 
f 6000Ho 188 8.81 206 -6.28 223 -3.19 7.41 4.30 5.26 
f 4000Hx 188 18.67 205 -12.37 223 -3.90 8.58 3.60 5.80 
f 6000Hx 187 9.99 206 -6.98 223 -3.45 7.45 4.01 5.22 
f 4000Hy 188 16.28 205 -10.54 223 -3.52 7.68 3.96 5.34 
f 6000Hy 187 8.99 207 -5.94 223 -3.09 6.17 3.66 4.46 
f 4000Jo 194 15.78 211 -9.25 223 -5.48 3.60 2.17 2.67 
f 6000Jo 193 8.24 213 -5.40 223 -4.47 5.76 3.23 4.11 
f 4000Jx 194 17.01 211 -9.83 223 -6.13 2.76 1.83 2.12 
f 6000Jx 193 9.23 214 -5.82 223 -4.94 5.06 2.81 3.61 
f 4000Jy 196 20.11 210 -9.90 223 -4.99 6.29 2.65 4.35 
f 6000Jy 196 9.70 213 -5.15 223 -3.99 6.17 3.66 4.46 
f 4000OL 192 25.49 207 -13.73 223 -4.84 6.26 2.83 4.39 
f 6000OL 191 12.74 209 -7.28 223 -4.18 4.08 3.30 3.21 
f* 4000MP 193 22.25 208 -12.99 223 -5.06 4.94 2.70 3.61 
f* 6000MP 192 11.03 210 -6.94 223 -4.34 4.53 3.16 3.43 
g 4000Ho 187 18.64 204 -10.93 223 -3.30 9.18 4.25 6.29 
g 6000Ho 186 9.98 205 -6.08 223 -2.89 7.88 4.62 5.60 
g4000Hx 187 20.07 204 -11.74 223 -3.55 9.59 3.99 6.48 
g 6000Hx 186 10.97 206 -6.53 223 -3.10 7.81 4.39 5.51 
g 4000Hy 186 17.05 204 -10.12 223 -3.14 9.24 4.43 6.35 
g 6000Hy 186 9.52 205 -5.70 223 -2.74 5.26 4.17 4.09 
g 4000Jo 192 17.36 210 -9.15 223 -5.03 2.66 2.54 2.26 
g 6000Jo 192 9.35 212 -5.27 223 -4.12 5.07 3.53 3.78 
g 4000Jx 193 17.79 210 -9.53 223 -5.67 2.10 2.09 1.84 
g 6000Jx 192 9.76 213 -5.60 223 -4.58 4.71 3.12 3.47 
g 4000Jy 194 20.54 208 10.12 223 -4.09 4.61 3.38 3.58 
g 6000Jy 194 9.97 211 -5.12 223 -3.37 5.26 4.17 4.09 
g 4000OL 190 25.26 205 -13.75 223 -4.06 7.96 3.44 5.56 
g 6000OL 190 12.45 207 -7.22 223 -3.56 5.47 3.88 4.13 
g* 4000MP 193 20.32 210 -10.48 223 -5.76 2.66 2.05 2.21 
g* 6000MP 193 11.54 213 -5.70 223 -4.72 3.84 2.98 2.99 
! 227#
Table 7C. Cont. 


























hMM1 191 16.86 209 +12.00 223 -5.48 3.21 2.94 3.26 
iMM2 191 16.13 209 +13.17 223 -6.59 4.09 3.05 3.56 
jMM3 190 13.23 209 +13.37 223 -5.96 5.42 3.08 4.46 
kHCG03:1 190 9.48 214 +7.73 223 -5.13 4.67 2.60 3.84 
lHCG03:2 193 26.19 206 +5.10 223 2.52 4.66 10.21 7.03 
mHCG03:3 191 12.42 206 +8.39 223 -2.64 5.54 4.73 5.20 
nHCG03:4 193 10.44 207 +9.85 223 -2.33 8.49 4.92 7.42 
oHCG03:5 190 12.36 208 +7.32 223 -3.16 4.15 4.21 4.00 
pHCG03:6 192 3.13 214 +6.08 223 -3.85 9.26 3.70 7.54 
qBA98:1 189 17.17 206 +18.48 223 -3.69 8.68 4.10 6.92 
rBA98:2 188 9.36 207 +10.19 223 -2.97 7.37 4.03 6.00 
sAB99:1 190 17.10 206 +18.52 223 -2.77 8.11 4.58 7.06 
tAB99:2 191 21.45 206 +21.59 223 -3.57 8.85 4.63 7.62 
uAB99:3 191 21.45 206 +21.59 223 -2.77 8.11 4.59 7.06 
vSW04:1 189 15.12 222 6.94 223 -6.79 5.80 2.34 4.06 
wSW04:2 188 15.93 221 6.89 223 -6.62 5.64 2.32 3.96 
xOH06:1 191 15.38 210 +12.10 223 -5.95 3.36 2.76 3.16 
yOH06:2! 192! 16.12! 210! +11.11! 223! -5.39 3.19 2.79 3.05 
a SRCD from the Protein Circular Dichroism Data Bank (CD000048000).21,42  
b CDCALC using (2JHO)149 PDB structure minimized via NAMD/CHARMM22, CH3 hydrogens are deleted prior to calculations and only the π–π* 
transition is included in the calculation. 
 c CDCALC using (2JHO)149 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, and CH2 groups are deleted prior to 
calculations. Only the π–π* transition is included in the calculation. 
d CDCALC using (2JHO)149 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, CH2, and CH groups are deleted prior 
to calculations. Only the π–π* transition is included in the calculation. 
e CDCALC using (2JHO)149 PDB structure minimized via NAMD/CHARMM22, CH3 hydrogens are deleted prior to calculations. Both π–π* and n–π* 
transitions are included in the calculation. 
f CDCALC using (2JHO)149 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, and CH2 groups are deleted prior to 
calculations. Both the π–π* and n–π* transitions are included in the calculation. 
g CDCALC using (2JHO)149 PDB structure minimized via NAMD/CHARMM22, all hydrogens attached to CH3, CH2, and CH groups are deleted prior 
to calculations. Both the π–π* and n–π* transitions are included in the calculation. 
*CDCALC using mean polarizability values for the aliphatic carbons instead of ignoring the hydrogens – all transition parameters yield the same results. 
h Matrix method with ab initio parameters including only the protein backbone transitions on PDB code 1A6M.83  
i Matrix method, ab initio parameters including protein backbone & charge-transfer transitions (PDB code 1A6M).83 
j Matrix method, ab initio parameters including protein backbone, charge-transfer & side chain transitions (PDB code 1A6M).83  
! 228#
k Matrix method, PDB code 4MBN177 using ab initio parameters & a bandwidth of 15.5 nm.137  
l Matrix method, PDB code 4MBN177 using ab initio parameters & a bandwidth of 9.5 nm [31];  
m Matrix method, PDB code 4MBN177 using ab initio parameters & a bandwidth of 10.5 nm & a dielectric constant of 1.5.137  
n Matrix method, PDB code 4MBN177 using ab initio parameters & bandwidth of 10.5 nm & a dielectric constant of 1.2 using four amide transitions.137  
o Matrix method, PDB code 4MBN177 using ab initio parameters, a bandwidth of 10.5 nm, a dielectric constant of 1.2 using four amide transitions with 
rotations of −10° and −30° to the πnb-π* and πb-π * transitions respectively.137 
p Matrix method, PDB code 4MBN177 using ab initio parameters, a bandwidth of 10.5 nm, a dielectric constant of 1.2 using four amide transition with no 
rotations of −30° to the πnb-π* and πb-π * transitions.137  
q Dipole interaction model on PDB code 1VXA178 using Hy parameters & a bandwidth of 4000 cm−1.66  
r Dipole interaction model on PDB code 1VXA178 using Hy parameters & a bandwidth of 6000 cm−1.66  
s Dipole interaction model on PDB code 1VXA178 using Hy parameters & a bandwidth of 4000 cm−1 & no solvent.172  
t Dipole interaction model on PDB code 1VXA178 using Hy parameters & a bandwidth of 4000 cm−1 & bound waters.172  
u Dipole interaction model on PDB code 1VXA178 using Hy parameters & a bandwidth of 4000 cm−1 & bound waters and lattice plus continuum.172  
v Matrix method on PDB code 1MBN179 with INDO/S wavefunctions including the peptide groups only.86  
w Matrix method on PDB code 1MBN179 with INDO/S wavefunction including the peptide groups and aromatic chromophores.86  
x Matrix method with ab initio parameters including local amide transitions and interpeptide charge-transfer transitions.16  
y Matrix method with ab initio parameters including only local amide transitions.16  
Yellow highlight represents the lowest RMSD for each category. 
Aqua highlight represents the second lowest RMSD for each category. 
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Figure C37. Sperm Whale Myoglobin DInaMo/CDCALC Predicted CD Spectrum on 
2JHO149 PDB Structure with Methyl Hydrogens Excluded: Only the π–π* Transition is 
Included in the Calculations. Results are presented for both the 4,000 (!) and 6,000 (!) 
cm-1 bandwidths for different parameters: α-helical parameters created for proteins (H), 
poly-L-proline II parameters (J), original parameters created for the dipole interaction 
model (OL), and mean polarizability parameters for methyl group implemented (MP). 
Identical spectra data is obtained when MP is implemented with J, H, or OL parameters. 
Predicted CD is compared to experimental SRCD from the Protein Circular Dichroism 
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Figure C38. Sperm Whale Myoglobin DInaMo/CDCALC Predicted CD Spectrum on 
2JHO149 PDB Structure with Methyl and Methylene Hydrogens Excluded; Only the π–π* 
Transition is Included in the Calculations. Results are presented for both the 4,000 (!) 
and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters created for 
proteins (H), poly-L-proline II parameters (J), original parameters created for the dipole 
interaction model (OL), and mean polarizability parameters for methyl and methylene 
groups implemented (MP). Identical spectra data is obtained when MP is implemented 
with J, H, or OL parameters. Predicted CD is compared to experimental SRCD from the 
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Figure C39. Sperm Whale Myoglobin DInaMo/CDCALC Predicted CD Spectrum on 
2JHO149 PDB Structure with Methyl, Methylene, and Methylidyne Hydrogens Excluded: 
Only the π–π* Transition is Included in the Calculations. Results are presented for both 
the 4,000 (!) and 6,000 (!) cm-1 bandwidths for different parameters: α-helical 
parameters created for proteins (H); poly-L-proline II parameters (J); original parameters 
created for the dipole interaction model (OL); and mean polarizability parameters for 
methyl, methylene, and methylidyne groups implemented (MP). Identical spectra data is 
obtained when MP is implemented with J, H, or OL parameters. Predicted CD is 
compared to experimental SRCD from the Protein Circular Dichroism Data Bank 
(CD0000048000) (•).21,42 
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Figure C40. Sperm Whale Myoglobin DInaMo/CDCALC Predicted CD Spectrum on 
2JHO149 PDB Structure with Methyl Hydrogens Excluded: Both the π–π* and n–π* 
Transitions are Included in the Calculations. Results are presented for both the 4,000 (!) 
and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters created for 
proteins (H), poly-L-proline II parameters (J), original parameters created for the dipole 
interaction model (OL), and mean polarizability parameters for methyl group 
implemented (MP). Identical spectra data is obtained when MP is implemented with J, H, 
or OL parameters. Predicted CD is compared to experimental SRCD from the Protein 
Circular Dichroism Data Bank (CD0000048000) (•).21,42 
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Figure C41. Sperm Whale Myoglobin DInaMo/CDCALC Predicted CD Spectrum on 
2JHO149 PDB Structure with Methyl and Methylene Hydrogens Excluded: Both the π–π* 
and n–π* Transitions are Included in the Calculations. Results are presented for both the 
4,000 (!) and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters 
created for proteins (H), poly-L-proline II parameters (J), original parameters created for 
the dipole interaction model (OL), and mean polarizability parameters for methyl and 
methylene groups implemented (MP). Identical spectra data is obtained when MP is 
implemented with J, H, or OL parameters. Predicted CD is compared to experimental 
SRCD from the Protein Circular Dichroism Data Bank (CD0000048000) (•).21,42 
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Figure C42. Sperm Whale Myoglobin DInaMo/CDCALC Predicted CD Spectrum on 
2JHO149 PDB Structure with Methyl, Methylene, and Methylidyne Hydrogens Excluded: 
Both the π–π* and n–π* Transitions are Included in the Calculations. Results are 
presented for both the 4,000 (!) and 6,000 (!) cm-1 bandwidths for different parameters: 
α-helical parameters created for proteins (H); poly-L-proline II parameters (J); original 
parameters created for the dipole interaction model (OL); and mean polarizability 
parameters for methyl, methylene, and methylidyne groups implemented (MP). Identical 
spectra data is obtained when MP is implemented with J, H, or OL parameters. Predicted 
CD is compared to experimental SRCD from the Protein Circular Dichroism Data Bank 
(CD0000048000) (•).21,42 




Table C8. CD Analysis of Phospholipase A2 (1UNE).150 Two sets of calculations are done: one set made use of the π–π * transition 
parameter only, and the other set involved both the π–π* and n–π* transition parameters. RMSDs are calculated for the entire spectrum 
(175 – 250 nm), π–π* transition (180 – 210 nm), and n–π* transition (210 – 230 nm). 
























a SRCD 192 6.96 209 -4.63 223 2.42 0.00 0.00 0.00 
b 4000Ho 189 11.00 207 -9.39 223 -1.77 3.97 2.41 2.87 
b 6000Ho 188 5.90 208 -5.34 223 -1.95 2.10 2.16 1.81 
b 4000Hx 188 11.65 206 -10.41 223 -1.94 4.79 2.40 3.34 
b 6000Hx 188 6.40 207 -5.96 223 -2.15 2.51 2.01 1.98 
b 4000Hy 188 10.15 207 -8.89 223 -1.76 3.78 2.41 2.77 
b 6000Hy 187 5.80 208 -5.10 223 -1.92 2.21 2.19 1.88 
b 4000Jo 195 10.31 213 -8.83 223 -3.89 2.73 2.65 2.25 
b 6000Jo 194 5.55 214 -5.00 223 -3.36 1.62 1.22 1.27 
b 4000Jx 194 10.59 214 -9.44 223 -4.55 2.86 3.01 2.42 
b 6000Jx 194 5.91 215 -5.41 223 -3.82 1.51 1.06 1.16 
b 4000Jy 196 13.33 212 -9.08 223 -3.16 4.54 2.68 3.25 
b 6000Jy 196 6.51 213 -4.74 223 -2.86 2.28 1.52 1.72 
b 4000OL 192 16.88 208 -10.94 223 -2.74 5.44 2.54 3.75 
b 6000OL 191 8.54 210 -5.92 223 -2.71 0.99 1.67 1.15 
b* 4000MP 193 15.75 208 -10.60 223 -2.80 4.88 2.55 3.43 
b* 6000MP 192 7.86 210 -5.73 223 -2.74 0.71 1.65 1.06 
c 4000Ho 189 11.18 206 -9.41 223 -1.74 4.23 2.42 3.02 
c 6000Ho 188 5.95 207 -5.39 223 -1.93 2.32 2.18 1.93 
c 4000Hx 188 12.17 206 -10.04 223 -1.82 4.94 2.40 3.44 
c 6000Hx 187 6.64 207 -5.76 223 -2.03 2.59 2.10 2.05 
c 4000Hy 188 9.67 207 -9.08 223 -1.79 4.03 2.39 2.91 
c 6000Hy 187 5.42 208 -5.33 223 -1.97 2.56 2.14 2.04 
c 4000Jo 194 10.44 213 -8.83 223 -3.80 2.56 2.65 2.17 
c 6000Jo 194 5.58 214 -5.06 223 -3.33 1.40 1.25 1.17 
c 4000Jx 194 11.11 214 -9.19 223 -4.32 2.85 2.87 2.37 
c 6000Jx 193 6.16 215 -5.29 223 -3.66 1.34 1.11 1.09 
c 4000Jy 196 13.48 211 -9.06 223 -3.06 4.47 2.66 3.21 
c 6000Jy 195 6.57 213 -4.72 223 -2.79 2.18 1.57 1.67 
c 4000OL 192 16.09 208 -11.23 223 -2.59 5.20 2.66 3.64 
c 6000OL 191 7.96 209 -6.15 223 -2.66 1.02 1.73 1.19 
c* 4000MP 193 15.02 209 -10.56 223 -2.62 4.59 2.67 3.29 
c* 6000MP 192 7.36 210 -5.69 223 -2.65 0.75 1.70 1.11 
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d 4000Ho 187 12.43 205 -9.40 223 -1.49 5.27 2.54 3.65 
d 6000Ho 187 6.58 206 -5.38 223 -1.70 2.96 2.38 2.32 
d 4000Hx 187 12.89 205 -10.16 223 -1.62 5.70 2.46 3.89 
d 6000Hx 187 6.86 206 -5.84 223 -1.85 3.14 2.24 2.37 
d 4000Hy 187 10.64 205 -8.84 223 -1.44 4.91 2.57 3.46 
d 6000Hy 186 5.86 206 -5.16 223 -1.65 3.13 2.43 2.43 
d 4000Jo 193 11.64 212 -8.80 223 -3.20 2.61 2.56 2.48 
d 6000Jo 192 6.18 213 -5.04 223 -2.96 0.77 1.46 0.99 
d 4000Jx 193 11.45 212 -9.20 223 -3.75 2.68 2.80 2.28 
d 6000Jx 193 6.14 214 -5.31 223 -3.36 0.95 1.27 0.97 
d 4000Jy 194 13.59 209 -8.70 223 -2.11 3.97 2.42 2.90 
d 6000Jy 194 6.43 211 -4.48 223 -2.12 1.48 2.04 1.52 
d 4000OL 190 17.99 206 -10.51 223 -1.78 6.14 2.44 4.20 
d 6000OL 190 8.99 208 -5.53 223 -1.95 1.67 2.16 1.63 
d* 4000MP 183 12.13 - -11.39 223 0.07 4.40 4.56 4.42 
d* 6000MP 185 5.80 - -5.02 223 0.11 2.96 4.61 3.34 
e 4000Ho 189 11.02 205 -7.56 223 -2.46 3.62 1.80 2.52 
e 6000Ho 188 5.93 207 -4.17 223 -2.16 2.04 2.09 1.73 
e 4000Hx 188 11.71 205 -8.40 223 -2.66 4.36 1.62 2.93 
e 6000Hx 188 6.45 206 -4.69 223 -2.35 2.34 1.89 1.84 
e 4000Hy 188 9.17 205 -7.56 223 -2.48 3.58 1.77 2.49 
e 6000Hy 187 5.11 207 -4.34 223 -2.21 2.51 2.03 1.96 
e 4000Jo 194 10.29 211 -6.20 223 -3.74 2.47 0.94 1.69 
e 6000Jo 194 5.57 214 -3.58 223 -3.03 1.67 1.38 1.35 
e 4000Jx 194 10.41 211 -6.66 223 -4.20 2.50 1.05 1.73 
e 6000Jx 193 5.79 214 -3.94 223 -3.38 1.54 1.06 1.21 
e 4000Jy 196 12.80 210 -6.73 223 -3.49 4.13 1.24 2.75 
e 6000Jy 195 6.23 213 -3.58 223 -2.80 2.34 1.57 1.75 
e 4000OL 192 15.65 207 -8.84 223 -3.34 4.57 1.29 3.03 
e 6000OL 191 7.77 209 -4.78 223 -2.87 0.65 1.42 0.94 
e* 4000MP 193 14.27 207 -8.57 223 -3.34 3.97 1.29 2.67 
e* 6000MP 192 6.96 209 -4.63 223 -2.87 0.67 1.43 0.96 
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f 4000Ho 189 10.62 204 -7.78 223 -2.47 3.90 1.79 2.68 
f 6000Ho 188 5.59 206 -4.41 223 -2.19 2.41 2.05 1.91 
f 4000Hx 188 11.10 204 -8.68 223 -2.70 4.64 1.59 3.10 
f 6000Hx 187 5.89 206 -5.00 223 -2.41 2.82 1.82 2.07 
f 4000Hy 188 9.38 205 -7.60 223 -2.47 3.79 1.78 2.62 
f 6000Hy 187 5.21 206 -4.39 223 -2.20 2.61 2.03 2.02 
f 4000Jo 194 9.92 210 -6.48 223 -3.76 2.04 1.00 1.45 
f 6000Jo 193 5.21 213 -3.80 223 -3.09 1.48 1.29 1.22 
f 4000Jx 194 9.78 211 -7.02 223 -4.26 1.94 1.17 1.43 
f 6000Jx 193 5.24 214 -4.23 223 -3.49 1.31 0.93 1.06 
f 4000Jy 196 12.82 210 -6.47 223 -3.39 3.98 1.21 2.65 
f 6000Jy 195 6.32 213 -3.42 223 -2.70 2.25 1.67 1.73 
f 4000OL 191 16.02 207 -8.99 223 -3.22 4.72 1.37 3.13 
f 6000OL 191 7.99 209 -4.85 223 -2.79 0.78 1.49 0.99 
f* 4000MP 192 14.92 207 -8.61 223 -3.24 4.13 1.37 2.76 
f* 6000MP 192 7.40 210 -4.62 223 -2.79 0.45 1.49 0.91 
g 4000Ho 187 12.28 203 -7.88 223 -2.20 5.04 2.06 3.41 
g 6000Ho 187 6.47 205 -4.41 223 -1.97 2.94 2.27 2.26 
g4000Hx 187 12.96 203 -8.65 223 -2.43 5.54 1.84 3.68 
g 6000Hx 186 6.88 205 -4.89 223 -2.17 3.13 2.06 2.31 
g 4000Hy 187 10.77 203 -7.54 223 -2.11 4.82 2.15 3.31 
g 6000Hy 186 5.97 205 -4.30 223 -1.89 3.11 2.34 2.38 
g 4000Jo 192 11.42 209 -6.65 223 -3.39 2.26 1.15 1.60 
g 6000Jo 192 6.07 212 -3.81 223 -2.82 0.88 1.50 1.03 
g 4000Jx 193 11.60 210 -7.07 223 -3.89 2.44 1.14 1.70 
g 6000Jx 192 6.24 213 -4.12 223 -3.20 0.86 1.17 0.91 
g 4000Jy 194 13.35 208 -6.52 223 -2.63 3.58 1.65 2.50 
g 6000Jy 194 6.42 211 -3.29 223 -2.17 1.61 2.11 1.58 
g 4000OL 190 15.05 205 -9.01 223 -2.68 4.99 1.62 3.39 
g 6000OL 190 7.11 207 -4.86 223 -2.38 1.74 1.85 1.56 
g* 4000MP 193 11.80 209 -7.57 223 -3.65 2.79 1.20 1.96 
g* 6000MP 193 6.00 211 -4.28 223 -3.11 1.04 1.23 1.03 
h B09:1 191 11.10 210 -6.93 223 -3.56 2.56 1.53 2.31 
I B09:2 192 10.77 209 -7.51 223 -3.87 2.45 1.63 2.21 
j B09:3 191 9.37 209 -7.25 223 -3.87 1.83 1.53 1.68 
a SRCD from the  PCDDB CD0000059000.21,42  
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b CDCALC using PDB structure 1UNE150 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 groups are ignored.  Only the π–π* transition is included. 
c CDCALC using PDB structure 1UNE150 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 and CH3CH2 groups are ignored. Only the π–π* transition is included. 
d CDCALC using PDB structure 1UNE150 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3, CH2 and CH groups are ignored. Only the π–π* transition is included. 
e CDCALC using PDB structure 1UNE150 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 groups are ignored.  Both the π–π* and n–π* transitions are included. 
f CDCALC using PDB structure 1UNE150 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 and CH3CH2 groups are ignored. Both the π–π* and n–π* transitions are included. 
g CDCALC using PDB structure 1UNE150 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3, CH2 and CH groups are ignored. 
*CDCALC using mean polarizability values for the aliphatic carbons instead of ignoring the hydrogens – all transition parameters yield the same result. 
hMatrix method with 1UNE150 including only the protein backbone transitions.83  
iMatrix method with 1UNE150 including protein backbone and charge transfer transitions.83  
jMatrix method with 1UNE150 including protein backbone, charge transfer and side chain transitions.83  
Yellow highlight represents the lowest RMSD for each category. 
Aqua highlight represents the second lowest RMSD for each category. 
Grey highlight represents the highest RMSD for each category. 
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Figure C43. Phospolipase A2 DInaMo/CDCALC Predicted CD Spectrum on 1UNE150 
PDB Structure with Methyl Hydrogens Excluded: Only the π–π* Transition is Included 
in the Calculations. Results are presented for both the 4,000 (!) and 6,000 (!) cm-1 
bandwidths for different parameters: α-helical parameters created for proteins (H), poly-
L-proline II parameters (J), original parameters created for the dipole interaction model 
(OL), and mean polarizability parameter for methyl group implemented (MP). Identical 
spectra data is obtained when MP is implemented with J, H, or OL parameters. Predicted 
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Figure C44. Phospolipase A2 DInaMo/CDCALC Predicted CD Spectrum on 1UNE150 
PDB Structure with Methyl and Methylene Hydrogens Excluded: Only the π–π* 
Transition is Included in the Calculations. Results are presented for both the 4,000 (!) 
and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters created for 
proteins (H), poly-L-proline II parameters (J), original parameters created for the dipole 
interaction model (OL), and mean polarizability parameters for methyl and methylene 
groups implemented (MP). Identical spectra data is obtained when MP is implemented 
with J, H, or OL parameters. Predicted CD is compared to experimental SRCD from the 
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Figure C45. Phospolipase A2 DInaMo/CDCALC Predicted CD Spectrum on 1UNE150 
PDB Structure with Methyl, Methylene,, and Methylidyne Hydrogens Excluded: Only 
the π–π* Transition is Included in the Calculations. Results are presented for both the 
4,000 (!) and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters 
created for proteins (H); poly-L-proline II parameters (J); original parameters created for 
the dipole interaction model (OL); and mean polarizability parameters for methyl, 
methylene, and methylidyne groups implemented (MP). Identical spectra data is obtained 
when MP is implemented with J, H, or OL parameters. Predicted CD is compared to 
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Figure C46. Phospolipase A2 DInaMo/CDCALC Predicted CD Spectrum on 1UNE150 
PDB Structure with Methyl Hydrogens Excluded: Both the π–π* and n–π* Transitions 
are Included in the Calculations. Results are presented for both the 4,000 (!) and 6,000 
(!) cm-1 bandwidths for different parameters: α-helical parameters created for proteins 
(H), poly-L-proline II parameters (J), original parameters created for the dipole 
interaction model (OL), and mean polarizability parameter for methyl group implemented 
(MP). Identical spectra data is obtained when MP is implemented with J, H, or OL 
parameters. Predicted CD is compared to experimental SRCD from the Protein Circular 
Dichroism Data Bank (CD0000059000) (•).21,42 
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Figure C47. Phospolipase A2 DInaMo/CDCALC Predicted CD Spectrum on 1UNE150 
PDB Structure with Methyl and Methylene Hydrogens Excluded: Both the π–π* and n–
π* Transitions are Included in the Calculations. Results are presented for both the 4,000 
(!) and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters created 
for proteins (H), poly-L-proline II parameters (J), original parameters created for the 
dipole interaction model (OL), and mean polarizability parameters for the methyl and 
methylene groups implemented (MP). Identical spectra data is obtained when MP is 
implemented with J, H, or OL parameters. Predicted CD is compared to experimental 
SRCD from the Protein Circular Dichroism Data Bank (CD0000059000) (•).21,42 
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Figure C48. Phospolipase A2 DInaMo/CDCALC Predicted CD Spectrum on 1UNE150 
PDB Structure with Methyl, Methylene, and Methylidyne Hydrogens Excluded: Both the 
π–π* and n–π* Transitions are Included in the Calculations. Results are presented for 
both the 4,000 (!) and 6,000 (!) cm-1 bandwidths for different parameters: α-helical 
parameters created for proteins (H); poly-L-proline II parameters (J); original parameters 
created for the dipole interaction model (OL); and mean polarizability parameters for 
methyl, methylene, and methylidyne groups implemented (MP). Identical spectra data is 
obtained when MP is implemented with J, H, or OL parameters. Predicted CD is 
compared to experimental SRCD from the Protein Circular Dichroism Data Bank 
(CD0000059000) (•).21,42 
 




Table C9. CD Analysis of Rhomboid Peptidase (2NR9).151 Two sets of calculations are done: one set made use of the π–π * transition 
parameter only, and the other set involved both the π–π* and n–π* transition parameters. RMSDs are calculated for the entire spectrum 
(175 – 250 nm), π–π* transition (180 – 210 nm), and n–π* transition (210 – 230 nm). 
























a SRCD 194 13.2 210 -5.77 223 -5.38 0.00 0.00 0.00 
b 4000Ho 195 14.74 213 -12.06 223 -5.29 3.02 3.73 2.81 
b 6000Ho 195 7.65 215 -6.70 223 -4.54 3.37 0.83 2.29 
b 4000Hx 189 13.78 207 -12.30 223 -2.47 5.73 2.66 4.02 
b 6000Hx 188 7.42 208 -6.97 223 -2.69 4.95 1.86 3.43 
b 4000Hy 189 17.27 207 -13.81 223 -2.56 6.88 2.81 4.76 
b 6000Hy 188 9.26 208 -7.71 223 -2.81 4.81 1.82 3.34 
b 4000Jo 190 15.67 207 -12.85 223 -2.39 5.93 2.67 4.15 
b 6000Jo 189 8.17 208 -7.15 223 -2.63 4.65 1.91 3.26 
b 4000Jx 193 24.00 208 -15.65 223 -3.13 6.82 3.59 4.81 
b 6000Jx 192 11.33 209 -8.15 223 -3.31 2.07 1.69 1.65 
b 4000Jy 197 18.91 211 -12.38 223 -3.94 6.27 3.59 4.53 
b 6000Jy 197 8.57 213 -6.25 223 -3.63 4.26 1.21 2.90 
b 4000OL 195 15.01 214 -12.64 223 -6.15 2.83 4.16 2.91 
b 6000OL 194 8.10 215 -7.1 223 -5.10 3.07 0.88 2.12 
b* 4000MP 193 23.13 208 -15.37 223 -3.15 6.39 3.60 4.56 
b* 6000MP 193 10.74 210 -7.88 223 -3.30 2.13 1.65 1.68 
c 4000Ho 195 14.29 213 -12.18 223 -5.15 2.75 3.77 2.69 
c 6000Ho 194 7.33 214 -6.81 223 -4.50 3.43 0.89 2.34 
c 4000Hx 189 14.02 207 -12.31 223 -2.39 6.10 2.63 4.25 
c 6000Hx 188 7.61 208 -6.99 223 -2.62 5.13 1.91 3.56 
c 4000Hy 189 16.00 206 -14.04 223 -2.53 7.22 2.76 4.97 
c 6000Hy 188 8.47 207 -7.93 223 -2.82 5.38 1.83 3.70 
c 4000Jo 189 15.19 206 -12.96 223 -2.34 6.29 2.64 4.37 
c 6000Jo 189 7.81 208 -7.26 223 -2.61 5.03 1.93 3.50 
c 4000Jx 192 24.23 207 -15.82 223 -2.95 7.14 3.41 4.98 
c 6000Jx 192 11.46 209 -8.19 223 -3.17 2.33 1.73 1.81 
c 4000Jy 197 19.07 211 -12.34 223 -3.73 5.98 3.49 4.33 
c 6000Jy 196 8.88 213 -6.18 223 -3.47 3.96 1.30 2.72 
c 4000OL 195 14.62 214 -12.70 223 -5.96 2.43 4.18 2.75 
c 6000OL 194 7.87 215 -7.18 223 -5.03 3.05 0.94 2.11 
c* 4000MP 194 22.47 209 -14.02 223 -3.31 5.82 3.62 4.22 
c* 6000MP 194 10.54 211 -7.27 223 -3.36 2.14 1.53 1.66 
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d 4000Ho 193 16.11 212 -12.70 223 -4.60 2.36 3.89 2.54 
d 6000Ho 193 8.21 213 -7.16 223 -4.25 2.76 1.13 1.95 
d 4000Hx 187 14.93 205 -12.78 223 -2.11 7.92 2.56 5.41 
d 6000Hx 187 7.89 206 -7.33 223 -2.40 6.22 2.09 4.28 
d 4000Hy 188 17.80 205 -14.09 223 -2.26 8.46 2.61 5.75 
d 6000Hy 187 9.30 206 -7.94 223 -2.58 5.96 1.97 4.09 
d 4000Jo 188 17.09 205 -13.54 223 -2.14 8.18 2.58 5.57 
d 6000Jo 187 8.75 206 -7.63 223 -2.44 5.96 2.06 4.10 
d 4000Jx 191 25.53 205 -15.73 223 -2.27 8.76 2.75 5.96 
d 6000Jx 191 11.75 207 -8.06 223 -2.57 3.66 1.99 2.66 
d 4000Jy 195 20.63 209 -12.43 223 -2.74 5.34 2.99 3.83 
d 6000Jy 194 9.42 211 -6.17 223 -2.78 2.93 1.77 2.19 
d 4000OL 194 15.82 213 -12.81 223 -5.32 2.08 4.14 2.57 
d 6000OL 193 8.33 214 -7.26 223 -4.70 2.66 1.05 1.88 
d* 4000MP 185 21.05 204 -0.08 223 0.10 8.14 5.28 6.10 
d* 6000MP 186 9.86 - - 223 0.17 5.33 5.39 4.58 
e 4000Ho 195 14.44 211 -8.56 223 -5.04 2.47 1.30 1.88 
e 6000Ho 194 7.47 214 -4.88 223 -4.10 3.41 0.92 2.38 
e 4000Hx 189 13.96 205 -10.02 223 -3.34 5.68 1.49 3.84 
e 6000Hx 188 7.54 207 -5.58 223 -2.94 4.98 1.83 3.45 
e 4000Hy 189 16.39 205 -11.42 223 -3.62 6.62 1.30 4.44 
e 6000Hy 188 8.70 207 -6.30 223 -3.19 5.02 1.57 3.44 
e 4000Jo 189 15.47 205 -10.41 223 -3.34 5.76 1.51 3.90 
e 6000Jo 189 8.07 207 -5.66 223 -2.93 4.73 1.84 3.29 
e 4000Jx 192 23.27 206 -12.29 223 -4.07 5.80 1.31 3.90 
e 6000Jx 192 11.08 209 -6.22 223 -3.50 1.97 1.27 1.52 
e 4000Jy 197 17.90 210 -8.96 223 -4.46 5.57 1.28 3.76 
e 6000Jy 196 8.17 213 -4.59 223 -3.58 4.33 1.35 2.98 
e 4000OL 195 14.42 211 -9.03 223 -5.71 2.25 1.80 1.92 
e 6000OL 194 7.73 215 -5.32 223 -4.60 3.18 0.53 2.23 
e* 4000MP 193 22.49 206 -11.89 223 -4.00 5.31 1.33 3.59 
e* 6000MP 193 10.43 209 -5.99 223 -3.44 2.08 1.32 1.59 
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f 4000Ho 195 14.11 211 -8.47 223 -4.97 2.47 1.23 1.86 
f 6000Ho 194 7.22 214 -4.86 223 -4.05 3.56 0.96 2.47 
f 4000Hx 189 13.84 205 -9.91 223 -3.28 5.89 1.55 3.99 
f 6000Hx 188 7.48 207 -5.53 223 -2.88 5.14 1.89 3.56 
f 4000Hy 189 16.49 205 -11.20 223 -3.51 6.83 1.38 3.48 
f 6000Hy 188 8.83 206 -6.17 223 -3.09 5.13 1.67 3.52 
f 4000Jo 189 15.18 205 -10.34 223 -3.28 5.92 1.56 4.01 
f 6000Jo 189 7.76 207 -5.65 223 -2.88 4.94 1.89 3.43 
f 4000Jx 192 23.10 206 -12.57 223 -3.94 6.10 1.31 4.10 
f 6000Jx 192 10.82 208 -6.39 223 -3.43 2.43 1.33 1.79 
f 4000Jy 196 18.16 210 -9.07 223 -4.38 5.24 1.27 3.54 
f 6000Jy 196 8.38 213 -4.65 223 -3.53 4.06 1.37 2.80 
f 4000OL 195 14.63 211 -8.83 223 -5.53 2.08 1.61 1.76 
f 6000OL 194 7.90 214 -5.16 223 -4.44 3.09 0.65 2.18 
f* 4000MP 194 20.06 207 -10.69 223 -4.00 4.76 1.29 3.24 
f* 6000MP 193 9.08 210 -5.50 223 -3.43 2.97 1.35 2.13 
g 4000Ho 193 14.92 209 -9.23 223 -4.75 2.03 1.29 1.59 
g 6000Ho 193 7.43 212 -5.30 223 -3.97 3.28 0.93 2.28 
g4000Hx 187 15.33 204 -10.30 223 -2.99 7.57 1.84 5.10 
g 6000Hx 187 8.21 205 -5.72 223 -2.65 5.97 2.12 4.11 
g 4000Hy 188 16.61 204 -11.85 223 -3.37 8.04 1.49 5.38 
g 6000Hy 187 8.44 205 -6.62 223 -3.01 6.04 1.73 4.11 
g 4000Jo 188 15.93 204 -10.93 223 -3.12 7.69 1.72 5.17 
g 6000Jo 187 7.99 205 -6.10 223 -2.78 5.97 1.98 4.10 
g 4000Jx 191 24.63 204 -12.66 223 -3.38 7.89 1.49 5.28 
g 6000Jx 190 11.32 206 -6.28 223 -2.96 3.50 1.78 2.52 
g 4000Jy 194 20.58 208 -9.25 223 -3.63 4.53 1.33 3.09 
g 6000Jy 194 9.57 211 -4.50 223 -2.97 2.82 1.85 2.13 
g 4000OL 194 15.22 210 -9.43 223 -5.36 1.64 1.67 1.53 
g 6000OL 193 8.00 213 -5.49 223 -4.39 2.87 0.60 2.02 
g* 4000MP 195 19.03 209 -9.01 223 -4.33 5.03 1.22 3.43 
g* 6000MP 195 9.24 213 -4.64 223 -3.60 3.53 1.31 2.49 
a SRCD from the  PCDDB CD0000109000.21,160  
b CDCALC using PDB structure 2NR9151 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 groups are ignored.  Only the π–π* transition is included. 
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c CDCALC using PDB structure 2NR9151  minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 and CH3CH2 groups are ignored. Only the π–π* transition is included. 
d CDCALC using PDB structure 2NR9151  minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3, CH2 and CH groups are ignored. Only the π–π* transition is included. 
e CDCALC using PDB structure 2NR9151  minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 groups are ignored.  Both the π–π* and n–π* transitions are included. 
f CDCALC using PDB structure 2NR9151  minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 and CH3CH2 groups are ignored. Both the π–π* and n–π* transitions are included. 
g CDCALC using PDB structure 2NR9151  minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3, CH2 and CH groups are ignored. 
*CDCALC using mean polarizability values for the aliphatic carbons instead of ignoring the hydrogens – all transition parameters yield the same result. 
Yellow highlight represents the lowest RMSD for each category. 
Aqua highlight represents the second lowest RMSD for each category. 
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Figure C49. Rhomboid Peptidase DInaMo/CDCALC Predicted CD Spectrum on 
2NR9151 PDB Structure with Methyl Hydrogens Excluded: Only the π–π* Transition is 
Included in the Calculations. Results are presented for both the 4,000 (!) and 6,000 (!) 
cm-1 bandwidths for different parameters: α-helical parameters created for proteins (H), 
poly-L-proline II parameters (J), original parameters created for the dipole interaction 
model (OL), and mean polarizability parameter for methyl group implemented (MP). 
Identical spectra data is obtained when MP is implemented with J, H, or OL parameters. 
Predicted CD is compared to experimental SRCD from the Protein Circular Dichroism 
Data Bank (CD0000109000) (•).21,160  
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Figure C50. Rhomboid Peptidase DInaMo/CDCALC Predicted CD Spectrum on 
2NR9151 PDB Structure with Methyl and Methylene Hydrogens Excluded: Only the π–π* 
Transition is Included in the Calculations. Results are presented for both the 4,000 (!) 
and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters created for 
proteins (H), poly-L-proline II parameters (J), original parameters created for the dipole 
interaction model (OL), and mean polarizability parameters for methyl and methylene 
groups implemented (MP). Identical spectra data is obtained when MP is implemented 
with J, H, or OL parameters. Predicted CD is compared to experimental SRCD from the 
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Figure C51. Rhomboid Peptidase DInaMo/CDCALC Predicted CD Spectrum on 
2NR9151 PDB Structure with Methyl, Methylene, and Methylidyne Hydrogens Excluded: 
Only the π–π* Transition is Included in the Calculations. Results are presented for both 
the 4,000 (!) and 6,000 (!) cm-1 bandwidths for different parameters: α-helical 
parameters created for proteins (H); poly-L-proline II parameters (J); original parameters 
created for the dipole interaction model (OL); and mean polarizability parameters for 
methyl, methylene, and methylidyne groups implemented (MP). Identical spectra data is 
obtained when MP is implemented with J, H, or OL parameters. Predicted CD is 
compared to experimental SRCD from the Protein Circular Dichroism Data Bank 
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Figure C52. Rhomboid Peptidase DInaMo/CDCALC Predicted CD Spectrum on 
2NR9151 PDB Structure with Methyl Hydrogens Excluded: Both the π–π* and n–π* 
Transitions are Included in the Calculations. Results are presented for both the 4,000 (!) 
and 6,000 (!) cm-1 bandwidths for different parameters: α-helical parameters created for 
proteins (H), poly-L-proline II parameters (J), original parameters created for the dipole 
interaction model (OL), and mean polarizability parameter for methyl group implemented 
(MP). Identical spectra data is obtained when MP is implemented with J, H, or OL 
parameters. Predicted CD is compared to experimental SRCD from the Protein Circular 
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Figure C53. Rhomboid Peptidase DInaMo/CDCALC Predicted CD Spectrum on 
2NR9151 PDB Structure with Methyl and Methylene Hydrogens Excluded: Both the π–
π* and n–π* Transitions are Included in the Calculations. Results are presented for both 
the 4,000! (!)! and! 6,000! (!)! cm-1! bandwidths for different parameters: α-helical 
parameters created for proteins (H), poly-L-proline II parameters (J), original parameters 
created for the dipole interaction model (OL), and mean polarizability parameters for 
methyl and methylene groups implemented (MP). Identical spectra data is obtained 
when MP is implemented with J, H, or OL parameters. Predicted CD is compared to 
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Figure' C54. Rhomboid Peptidase DInaMo/CDCALC Predicted CD Spectrum on 
2NR9151 PDB Structure with Methyl, Methylene, and Methylidyne Hydrogens 
Excluded: Both the π–π* and n–π* Transitions are Included in the Calculations. Results 
are presented for both the 4,000! (!)! and! 6,000! (!)! cm-1! bandwidths for different 
parameters: α-helical parameters created for proteins (H); poly-L-proline II parameters 
(J); original parameters created for the dipole interaction model (OL); and mean 
polarizability parameters for methyl, methylene and methylidyne groups implemented 
(MP). Identical spectra data is obtained when MP is implemented with J, H, or OL 
parameters. Predicted CD is compared to experimental SRCD from the Protein Circular 




Table C10. CD Analysis of Voltage Gated Sodium Channel (4F4L).152 Two sets of calculations are done: one set made use of 
the π–π * transition parameter only, and the other set involved both the π–π* and n–π* transition parameters. RMSDs are 
calculated for the entire spectrum (175 – 250 nm), π–π* transition (180 – 210 nm), and n–π* transition (210 – 230 nm). 
























a SRCD 196 15.30 224 -7.31 223 -7.20 0.00 0.00 0.00 
b 4000Ho 190 19.42 207 -14.46 223 -2.77 11.06 3.88 7.32 
b 6000Ho 189 9.81 208 -8.09 223 -3.02 7.60 3.25 5.16 
b 4000Hx 189 20.18 207 -15.91 223 -3.04 12.27 3.96 8.05 
b 6000Hx 189 10.40 208 -9.02 223 -3.35 8.27 3.10 5.52 
b 4000Hy 190 16.87 207 -13.89 223 -2.78 10.54 3.86 7.01 
b 6000Hy 189 8.75 208 -7.91 223 -3.03 7.75 3.24 5.25 
b 4000Jo 195 18.15 213 -13.53 223 -6.13 2.85 4.69 3.20 
b 6000Jo 195 9.22 215 -7.58 223 -5.21 3.27 2.02 2.41 
b 4000Jx 196 18.09 214 -14.44 223 -7.19 3.16 5.22 3.53 
b 6000Jx 195 9.41 215 -8.18 223 -5.93 3.34 1.89 2.40 
b 4000Jy 197 21.60 212 -13.59 223 -4.81 4.71 4.54 3.94 
b 6000Jy 196 10.31 214 -6.97 223 -4.29 2.79 2.43 2.31 
b 4000OL 192 26.23 209 -16.13 223 -4.50 9.84 4.76 6.75 
b 6000OL 192 13.12 211 -8.91 223 -4.42 4.92 2.70 3.49 
b* 4000MP 193 26.39 209 -15.47 223 -4.51 8.66 4.71 6.07 
b* 6000MP 193 13.12 211 -8.41 223 -4.34 3.92 2.65 2.94 
c 4000Ho 189 18.81 206 -14.48 223 -2.68 11.39 3.87 7.51 
c 6000Ho 189 9.61 208 -8.14 223 -2.96 7.92 3.28 5.35 
c 4000Hx 189 19.85 206 -15.85 223 -2.94 12.49 3.92 8.18 
c 6000Hx 189 10.14 208 -9.00 223 -3.26 8.51 3.14 5.67 
c 4000Hy 189 16.82 207 -13.87 223 -2.68 10.89 3.85 7.21 
c 6000Hy 188 8.81 208 -7.90 223 -2.95 8.00 3.29 5.40 
c 4000Jo 195 17.79 213 -13.62 223 -5.91 2.90 4.70 3.23 
c 6000Jo 195 8.99 214 -7.63 223 -5.11 3.43 2.09 2.51 
c 4000Jx 195 17.49 214 -14.48 223 -6.96 2.99 5.23 3.48 
c 6000Jx 195 9.00 215 -8.26 223 -5.84 3.49 1.97 2.50 
c 4000Jy 196 20.74 211 -13.73 223 -4.63 4.26 4.55 3.74 
c 6000Jy 196 9.83 213 -7.12 223 -4.22 2.82 2.49 2.34 
c 4000OL 192 26.79 208 -16.89 223 -4.01 10.71 4.68 7.24 
c 6000OL 192 13.36 210 -9.11 223 -4.09 5.44 2.85 3.83 
c* 4000MP 194 25.40 209 -16.54 223 -4.29 8.45 4.79 5.98 
c* 6000MP 193 12.58 211 -8.70 223 -4.23 3.80 2.75 2.91 
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d 4000Ho 188 21.22 205 -14.85 223 -2.39 13.82 3.87 8.98 
d 6000Ho 187 10.78 206 -8.41 223 -2.72 9.30 3.44 6.20 
d 4000Hx 188 22.54 205 -16.23 223 -2.65 14.67 3.85 9.50 
d 6000Hx 187 11.59 206 -9.23 223 -3.02 9.68 3.27 6.39 
d 4000Hy 187 18.85 205 -13.95 223 -2.27 13.05 3.90 8.52 
d 6000Hy 187 9.82 206 -7.97 223 -2.58 9.23 3.54 6.18 
d 4000Jo 193 19.99 212 -13.94 223 -5.17 5.31 4.70 4.28 
d 6000Jo 193 10.13 213 -7.90 223 -4.74 3.95 2.36 2.87 
d 4000Jx 194 20.32 213 -14.72 223 -6.19 4.95 5.24 4.29 
d 6000Jx 193 10.51 214 -8.39 223 -5.45 3.64 2.20 2.65 
d 4000Jy 194 22.82 209 -13.85 223 -3.39 5.92 4.11 4.44 
d 6000Jy 194 10.76 211 -7.11 223 -3.38 3.09 3.00 2.67 
d 4000OL 190 28.95 206 -16.94 223 -3.04 14.15 4.03 9.20 
d 6000OL 190 14.43 208 -9.01 223 -3.30 7.57 3.14 5.12 
d* 4000MP 185 17.64 201 -0.63 223 0.03 9.74 6.44 7.18 
d* 6000MP 185 9.12 208 0.01 223 0.06 7.83 6.50 6.22 
e 4000Ho 190 19.92 205 -11.24 223 -3.69 10.81 2.67 6.96 
e 6000Ho 189 10.42 207 -6.01 223 -3.20 7.36 3.06 4.96 
e 4000Hx 189 21.07 205 -12.49 223 -4.06 11.87 2.45 7.59 
e 6000Hx 189 11.10 207 -6.79 223 -3.54 7.89 2.76 5.22 
e 4000Hy 189 16.96 205 -11.29 223 -3.75 10.31 2.64 6.66 
e 6000Hy 189 8.86 207 -6.27 223 -3.30 7.61 2.97 5.09 
e 4000Jo 195 18.64 211 -9.12 223 -5.60 2.89 1.81 2.11 
e 6000Jo 195 9.68 215 -5.13 223 -4.47 3.34 2.04 2.44 
e 4000Jx 195 18.22 212 -9.18 223 -6.39 3.03 2.07 2.29 
e 6000Jx 195 9.61 215 -5.72 223 -5.08 3.41 1.54 2.38 
e 4000Jy 197 20.22 210 -9.82 223 -5.22 3.59 2.22 2.60 
e 6000Jy 196 9.72 214 -5.17 223 -4.15 3.04 2.32 2.36 
e 4000OL 192 25.18 208 -12.87 223 -5.33 9.16 2.45 5.92 
e 6000OL 192 12.47 210 -7.06 223 -4.53 4.91 2.05 3.33 
e* 4000MP 193 24.27 208 -12.33 223 -5.23 7.53 2.42 4.93 
e* 6000MP 193 11.74 211 -6.68 223 -4.43 3.97 2.10 2.80 
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f 4000Ho 189 18.45 205 -11.74 223 -3.77 11.09 2.62 7.13 
f 6000Ho 189 9.40 207 -6.45 223 -3.31 7.86 2.97 5.23 
f 4000Hx 189 19.70 205 -13.03 223 -4.10 12.17 2.43 7.78 
f 6000Hx 188 10.24 206 -7.23 223 -3.62 8.38 2.70 5.50 
f 4000Hy 189 16.73 205 -11.31 223 -3.70 10.64 2.68 6.87 
f 6000Hy 188 8.78 207 -6.31 223 -3.26 7.89 3.01 5.26 
f 4000Jo 195 16.92 211 -9.70 223 -5.72 2.58 1.97 2.00 
f 6000Jo 194 8.58 214 -5.59 223 -4.66 3.71 1.86 2.61 
f 4000Jx 195 17.45 211 -10.29 223 -6.45 3.06 2.26 2.35 
f 6000Jx 194 9.15 214 -6.05 223 -5.19 3.62 1.46 2.48 
f 4000Jy 196 19.79 210 -10.19 223 -5.20 3.19 2.28 2.40 
f 6000Jy 196 9.35 213 -5.37 223 -4.17 3.05 2.28 2.36 
f 4000OL 192 25.75 207 -13.38 223 -4.99 9.96 2.42 6.40 
f 6000OL 192 12.80 209 -7.07 223 -4.27 5.35 2.24 3.62 
f* 4000MP 193 24.18 208 -12.68 223 -4.98 7.59 2.43 4.97 
f* 6000MP 193 11.94 210 -6.60 223 -4.23 3.93 2.23 2.81 
g 4000Ho 187 21.94 204 -12.19 223 -3.47 13.65 2.87 8.73 
g 6000Ho 187 11.43 205 -6.67 223 -3.07 9.10 3.18 6.01 
g4000Hx 187 22.64 204 -13.39 223 -3.80 14.20 2.63 9.05 
g 6000Hx 187 11.83 205 -7.38 223 -3.38 9.37 2.90 6.13 
g 4000Hy 187 18.41 204 -11.79 223 -3.35 12.73 2.97 8.18 
g 6000Hy 187 9.52 205 -6.63 223 -2.99 9.11 3.25 6.03 
g 4000Jo 193 20.58 210 -10.23 223 -5.36 5.71 2.09 3.78 
g 6000Jo 193 10.63 213 -5.76 223 -4.41 4.10 2.06 2.87 
g 4000Jx 194 19.81 210 -10.76 223 -6.12 4.83 2.34 3.32 
g 6000Jx 193 10.34 213 -6.23 223 -4.99 3.78 1.64 2.60 
g 4000Jy 194 21.92 208 -10.79 223 -4.34 5.06 2.46 3.49 
g 6000Jy 193 10.29 211 -5.51 223 -3.61 3.21 2.73 2.59 
g 4000OL 190 28.08 205 -13.78 223 -4.21 13.35 2.46 8.51 
g 6000OL 190 13.95 207 -7.12 223 -3.66 7.32 2.68 4.86 
g* 4000MP 194 23.02 209 -10.84 223 -5.47 5.64 2.17 3.76 
g* 6000MP 194 11.09 213 -5.76 223 -4.50 2.88 1.97 2.18 
a SRCD from the  PCDDB CD0004012000.21,152  
b CDCALC using PDB structure 4F4L152 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all CH3 
groups are ignored.  Only the π–π* transition is included. 
! 258#
c CDCALC using PDB structure 4F4L152 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all CH3 
and CH3CH2 groups are ignored. Only the π–π* transition is included. 
d CDCALC using PDB structure 4F4L152 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all CH3, 
CH2 and CH groups are ignored. Only the π–π* transition is included. 
e CDCALC using PDB structure 4F4L152 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all CH3 
groups are ignored.  Both the π–π* and n–π* transitions are included. 
f CDCALC using PDB structure 4F4L152 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all CH3 
and CH3CH2 groups are ignored. Both the π–π* and n–π* transitions are included. 
g CDCALC using PDB structure 4F4L152 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3, CH2 and CH groups are ignored. 
*CDCALC using mean polarizability values for the aliphatic carbons instead of ignoring the hydrogens – all transition parameters yield the same result. 
Yellow highlight represents the lowest RMSD for each category. 
Aqua highlight represents the second lowest RMSD for each category. 
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Figure C55. Voltage Gated Sodium Channel DInaMo/CDCALC Predicted CD 
Spectrum on (4F4L)152 PDB Structure with Methyl Hydrogens Excluded: Only the π–π* 
Transition is Included in the Calculations. Results are presented for both the 4,000! (!)!
and! 6,000! (!)! cm-1! bandwidths for different parameters: α-helical parameters created 
for proteins (H), poly-L-proline II parameters (J), original parameters created for the 
dipole interaction model (OL), and mean polarizability parameter for methyl group 
implemented (MP). Identical spectra data is obtained when MP is implemented with J, H, 
or OL parameters. Predicted CD is compared to experimental SRCD from the Protein 
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Figure C56. Voltage Gated Sodium Channel DInaMo/CDCALC Predicted CD 
Spectrum on (4F4L)152 PDB Structure with Methyl and Methylene Hydrogens Excluded: 
Only the π–π* Transition is Included in the Calculations. Results are presented for both 
the 4,000! (!)! and! 6,000! (!)! cm-1! bandwidths for different parameters: α-helical 
parameters created for proteins (H), poly-L-proline II parameters (J), original parameters 
created for the dipole interaction model (OL), and mean polarizability parameters for 
methyl and methylene groups implemented (MP). Identical spectra data is obtained 
when MP is implemented with J, H, or OL parameters. Predicted CD is compared to 
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Figure C57. Voltage Gated Sodium Channel DInaMo/CDCALC Predicted CD 
Spectrum on (4F4L)152 PDB Structure with Methyl, Methylene, and Methylidyne 
Hydrogens Excluded: Only the π–π* Transition is Included in the Calculations. Results 
are presented for both the 4,000! (!)! and! 6,000! (!)! cm-1! bandwidths for different 
parameters: α-helical parameters created for proteins (H); poly-L-proline II parameters 
(J); original parameters created for the dipole interaction model (OL); and mean 
polarizability parameters for methyl, methylene, and methylidyne groups implemented 
(MP). Identical spectra data is obtained when MP is implemented with J, H, or OL 
parameters. Predicted CD is compared to experimental SRCD from the Protein Circular 
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Figure C58. Voltage Gated Sodium Channel DInaMo/CDCALC Predicted CD 
Spectrum on (4F4L)152 PDB Structure with Methyl Hydrogens Excluded: Both the π–π* 
and n–π* Transitions are Included in the Calculations. Results are presented for both the 
4,000! (!)! and!6,000! (!)! cm-1!bandwidths for different parameters: α-helical parameters 
created for proteins (H), poly-L-proline II parameters (J), original parameters created for 
the dipole interaction model (OL), and mean polarizability parameter for methyl group 
implemented (MP). Identical spectra data is obtained when MP is implemented with J, H, 
or OL parameters. Predicted CD is compared to experimental SRCD from the Protein 
Circular Dichroism Data Bank CD0004012000 (•).21,152 
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Figure C59. Voltage Gated Sodium Channel DInaMo/CDCALC Predicted CD 
Spectrum on (4F4L)152 PDB Structure with Methyl and Methylene Hydrogens Excluded: 
Both the π–π* and n–π* Transitions are included in the Calculations. Results are 
presented for both the 4,000! (!)! and! 6,000! (!)! cm-1! bandwidths for different 
parameters: α-helical parameters created for proteins (H), poly-L-proline II parameters 
(J), original parameters created for the dipole interaction model (OL), and mean 
polarizability parameters for methyl and methylene groups implemented (MP). Identical 
spectra data is obtained when MP is implemented with J, H, or OL parameters. Predicted 
CD is compared to experimental SRCD from the Protein Circular Dichroism Data Bank 
CD0004012000 (•).21,152 
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Figure C60. Voltage Gated Sodium Channel DInaMo/CDCALC Predicted CD 
Spectrum on (4F4L)152 PDB Structure with Methyl, Methylene, and Methylidyne 
Hydrogens Excluded: Both the π–π* and n–π* Transitions are Included in the 
Calculations. Results are presented for both the 4,000! (!)! and! 6,000! (!)! cm-1!
bandwidths for different parameters: α-helical parameters created for proteins (H); poly-
L-proline II parameters (J); original parameters created for the dipole interaction model 
(OL); and mean polarizability parameters for methyl, methylene, and methylidyne 
implemented (MP). Identical spectra data is obtained when MP is implemented with J, H, 
or OL parameters. Predicted CD is compared to experimental SRCD from the Protein 




Table C11. CD Analysis of Large Conductance Mechanosensitive Channel (2OAR).153 Two sets of calculations are done: one set made 
use of the π–π * transition parameter only, and the other set involved both the π–π* and n–π* transition parameters. RMSDs are calculated 
for the entire spectrum (175 – 250 nm), π–π* transition (180 – 210 nm), and n–π* transition (210 – 230 nm). 
























a SRCD 193 12.67 222 -6.15 223 -6.12 0.00 0.00 0.00 
b 4000Ho 189 17.54 207 -12.79 223 -2.50 6.31 2.99 4.43 
b 6000Ho 189 8.99 208 -7.10 223 -2.72 4.76 2.49 3.39 
b 4000Hx 189 18.50 207 -13.68 223 -2.67 6.93 3.03 4.76 
b 6000Hx 188 9.68 208 -7.65 223 -2.91 4.85 2.37 3.39 
b 4000Hy 189 15.18 207 -11.89 223 -2.48 5.75 2.96 4.06 
b 6000Hy 189 7.98 209 -6.72 223 -2.67 5.01 2.53 3.53 
b 4000Jo 195 16.45 214 -11.99 223 -5.56 4.24 3.69 3.46 
b 6000Jo 195 8.41 215 -6.66 223 -4.67 3.97 1.27 2.78 
b 4000Jx 195 16.35 215 -12.31 223 -6.35 3.83 3.93 3.30 
b 6000Jx 194 8.63 216 -6.92 223 -5.14 3.66 1.10 2.55 
b 4000Jy 196 21.32 212 -12.65 223 -4.45 7.67 3.79 5.42 
b 6000Jy 196 9.96 214 -6.43 223 -3.97 5.03 1.65 3.52 
b 4000OL 192 27.22 209 -15.39 223 -3.98 8.38 4.00 5.91 
b 6000OL 192 13.30 211 -8.32 223 -3.98 2.72 1.97 2.31 
b* 4000MP 193 26.19 209 -15.11 223 -4.08 8.04 4.03 5.71 
b* 6000MP 193 12.58 211 -8.14 223 -4.02 2.94 1.92 2.41 
c 4000Ho 189 18.76 207 -12.64 223 -2.38 6.41 3.01 4.47 
c 6000Ho 189 9.96 208 -6.89 223 -2.58 4.36 2.60 3.17 
c 4000Hx 189 18.42 207 -14.02 223 -2.65 7.22 3.03 4.95 
c 6000Hx 188 9.72 208 -7.83 223 -2.90 5.01 2.38 3.49 
c 4000Hy 189 14.28 207 -12.05 223 -2.45 5.90 2.96 4.17 
c 6000Hy 189 7.41 208 -6.81 223 -2.66 5.32 2.53 3.73 
c 4000Jo 194 17.54 214 -11.82 223 -5.32 4.20 3.60 3.40 
c 6000Jo 194 9.35 215 -6.46 223 -4.47 3.48 1.35 2.48 
c 4000Jx 195 16.17 214 -12.71 223 -6.30 3.91 4.15 3.41 
c 6000Jx 194 8.54 216 -7.12 223 -5.18 3.72 1.16 2.60 
c 4000Jy 196 21.77 212 -12.53 223 -4.27 7.67 3.70 5.40 
c 6000Jy 196 10.24 214 -6.33 223 -3.83 4.89 1.73 3.45 
c 4000OL 192 27.32 208 -16.02 223 -3.70 8.78 3.91 6.15 
c 6000OL 192 13.38 210 -8.55 223 -3.79 2.93 2.06 2.45 
c* 4000MP 193 25.78 209 -15.27 223 -3.85 8.12 3.99 5.77 
c* 6000MP 193 12.42 211 -7.97 223 -3.83 3.14 1.96 2.56 
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d 4000Ho 188 18.84 206 -13.91 223 -2.31 8.57 2.97 5.86 
d 6000Ho 187 9.47 207 -7.91 223 -2.63 6.13 2.56 4.23 
d 4000Hx 187 19.75 206 -14.59 223 -2.46 8.84 2.97 5.99 
d 6000Hx 187 10.07 207 -8.27 223 -2.78 6.05 2.46 4.15 
d 4000Hy 187 16.43 206 -12.87 223 -2.18 7.94 3.00 5.42 
d 6000Hy 187 8.40 207 -7.37 223 -2.48 6.26 2.68 4.31 
d 4000Jo 193 17.69 212 -13.09 223 -4.99 4.49 4.06 3.76 
d 6000Jo 193 8.88 213 -7.42 223 -4.55 3.70 1.54 2.72 
d 4000Jx 193 17.66 213 -13.02 223 -5.68 4.08 4.22 3.56 
d 6000Jx 193 9.12 214 -7.37 223 -4.93 3.43 1.37 2.50 
d 4000Jy 194 23.40 209 -12.64 223 -3.09 7.53 3.25 5.33 
d 6000Jy 194 11.03 211 -6.32 223 -3.05 4.00 2.25 3.12 
d 4000OL 190 30.05 206 -15.81 223 -2.74 10.57 3.16 7.29 
d 6000OL 190 14.94 208 -8.23 223 -2.97 3.80 2.36 3.06 
d* 4000MP 182 22.43 - -16.45 223 0.11 6.12 5.80 7.22 
d* 6000MP 183 9.80 - -6.23 223 0.16 8.75 5.86 5.31 
e 4000Ho 189 17.40 205 -10.14 223 -3.34 6.08 2.04 4.11 
e 6000Ho 189 8.91 207 -5.51 223 -2.93 4.77 2.42 3.37 
e 4000Hx 189 17.40 205 -11.41 223 -3.63 6.82 1.82 4.52 
e 6000Hx 188 8.93 207 -6.35 223 -3.23 5.22 2.11 3.56 
e 4000Hy 189 15.14 206 -9.37 223 -3.22 5.46 2.14 3.72 
e 6000Hy 189 7.99 208 -5.18 223 -2.82 4.91 2.54 3.46 
e 4000Jo 195 16.11 211 -8.27 223 -5.03 3.91 1.21 2.78 
e 6000Jo 194 8.29 214 -4.72 223 -4.06 3.99 1.53 2.84 
e 4000Jx 195 15.09 212 -8.95 223 -5.68 3.58 1.57 2.65 
e 6000Jx 194 7.76 215 -5.31 223 -4.60 4.05 1.03 2.82 
e 4000Jy 196 20.82 211 -9.02 223 -4.75 7.10 1.56 4.76 
e 6000Jy 196 9.80 214 -4.66 223 -3.75 4.96 1.79 3.49 
e 4000OL 192 26.32 207 -12.11 223 -4.76 7.62 1.78 5.14 
e 6000OL 192 12.85 210 -6.46 223 -4.05 2.64 1.43 2.15 
e* 4000MP 193 25.30 208 -11.67 223 -4.72 7.26 1.76 4.91 
e* 6000MP 193 12.21 210 -6.17 223 -3.99 2.82 1.47 2.25 
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f 4000Ho 189 17.36 205 -10.13 223 -3.27 6.20 2.10 4.21 
f 6000Ho 189 8.96 207 -5.48 223 -2.87 4.82 2.48 3.41 
f 4000Hx 188 18.51 205 -11.41 223 -3.61 6.96 1.84 4.60 
f 6000Hx 188 9.75 207 -6.24 223 -3.18 4.94 2.16 3.40 
f 4000Hy 189 15.16 205 -9.74 223 -3.26 5.83 2.10 3.94 
f 6000Hy 188 8.04 207 -5.40 223 -2.87 5.10 2.48 3.56 
f 4000Jo 194 16.21 211 -8.24 223 -4.95 3.90 1.20 2.77 
f 6000Jo 194 8.40 214 -4.67 223 -4.00 3.94 1.59 2.82 
f 4000Jx 194 15.91 212 -8.96 223 -5.69 3.61 1.56 2.65 
f 6000Jx 194 8.39 215 -5.25 223 -4.57 3.76 1.07 2.65 
f 4000Jy 196 20.74 210 -9.24 223 -4.70 7.09 1.60 4.77 
f 6000Jy 196 9.66 214 -4.77 223 -3.75 4.97 1.76 3.51 
f 4000OL 192 26.66 207 -12.64 223 -4.54 8.03 1.76 5.42 
f 6000OL 192 13.10 209 -6.57 223 -3.89 2.73 1.55 2.23 
f* 4000MP 193 24.91 208 -11.66 223 -4.46 7.27 1.76 4.93 
f* 6000MP 193 12.01 210 -5.97 223 -3.79 3.03 1.63 2.43 
g 4000Ho 187 19.59 204 -10.68 223 -3.07 7.84 2.30 5.29 
g 6000Ho 187 10.14 206 -5.78 223 -2.72 5.47 2.62 3.82 
g4000Hx 187 20.16 204 -11.88 223 -3.38 8.41 2.02 5.59 
g 6000Hx 187 10.42 206 -6.53 223 -3.02 5.72 2.30 3.90 
g 4000Hy 187 16.84 204 -10.22 223 -2.95 7.46 2.41 5.01 
g 6000Hy 187 8.78 206 -5.66 223 -2.63 5.88 2.70 4.06 
g 4000Jo 193 18.16 210 -8.90 223 -4.73 4.05 1.38 2.93 
g 6000Jo 193 9.41 213 -4.98 223 -3.89 3.33 1.60 2.50 
g 4000Jx 193 17.74 211 -9.41 223 -5.38 3.83 1.62 2.81 
g 6000Jx 193 9.21 214 -5.42 223 -4.39 3.35 1.16 2.44 
g 4000Jy 194 23.78 208 -9.41 223 -3.81 6.96 1.77 4.76 
g 6000Jy 194 11.48 211 -4.56 223 -3.10 3.64 2.31 2.90 
g 4000OL 190 28.73 205 -12.96 223 -3.83 9.71 1.76 6.65 
g 6000OL 190 14.14 207 -6.57 223 -3.33 3.71 2.01 2.95 
g* 4000MP 194 22.12 210 -9.55 223 -4.86 6.84 1.51 4.70 
g* 6000MP 194 11.47 213 -4.92 223 -3.97 3.87 1.54 2.92 
a SRCD from the  PCDDB CD0000115000.21,160  
b CDCALC using PDB structure (2OAR)153 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 groups are ignored.  Only the π–π* transition is included. 
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c CDCALC using PDB structure (2OAR)153 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 and CH3CH2 groups are ignored. Only the π–π* transition is included. 
d CDCALC using PDB structure (2OAR)153 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3, CH2 and CH groups are ignored. Only the π–π* transition is included. 
e CDCALC using PDB structure (2OAR)153 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 groups are ignored.  Both the π–π* and n–π* transitions are included. 
f CDCALC using PDB structure (2OAR)153 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 and CH3CH2 groups are ignored. Both the π–π* and n–π* transitions are included. 
g CDCALC using PDB structure (2OAR)153 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3, CH2 and CH groups are ignored. 
*CDCALC using mean polarizability values for the aliphatic carbons instead of ignoring the hydrogens – all transition parameters yield the same result. 
Yellow highlight represents the lowest RMSD for each category. 
Aqua highlight represents the second lowest RMSD for each category. 
Grey highlight represents the highest RMSD for each category. 
 
! 269$
   
 
   
 
                                                       !
!
Figure C61. Large Conductance Mechanosensitive Channel DInaMo/CDCALC 
Predicted CD Spectrum on (2OAR)153 PDB Structure with Methyl Hydrogens Excluded: 
Only the π–π* Transition is Included in the Calculations. Results are presented for both 
the 4,000! (!)! and! 6,000! (!)! cm-1! bandwidths for different parameters: α-helical 
parameters created for proteins (H), poly-L-proline II parameters (J), original parameters 
created for the dipole interaction model (OL), and mean polarizability parameter for 
methyl group implemented (MP). Identical spectra data is obtained when MP is 
implemented with J, H, or OL parameters. Predicted CD is compared to experimental 
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Figure C62. Large Conductance Mechanosensitive Channel DInaMo/CDCALC 
Predicted CD Spectrum on (2OAR)153 PDB Structure with Methyl and Methylene 
Hydrogens Excluded: Only the π–π* Transition is Included in the Calculations. Results 
are presented for both the 4,000! (!)! and! 6,000! (!)! cm-1! bandwidths for different 
parameters: α-helical parameters created for proteins (H), poly-L-proline II parameters 
(J), original parameters created for the dipole interaction model (OL), and mean 
polarizability parameters for methyl and methylene groups implemented (MP). Identical 
spectra data is obtained when MP is implemented with J, H, or OL parameters. Predicted 
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Figure C63. Large Conductance Mechanosensitive Channel DInaMo/CDCALC 
Predicted CD Spectrum on  (2OAR)153 PDB Structure with Methyl, Methylene and 
Methylidyne Hydrogens Excluded: Only the π–π* Transition is Included in the 
Calculations. Results are presented for both the 4,000! (!)! and! 6,000! (!)! cm-1!
bandwidths for different parameters: α-helical parameters created for proteins (H); poly-
L-proline II parameters (J); original parameters created for the dipole interaction model 
(OL); and mean polarizability parameters for methyl and methylene groups implemented 
(MP). Identical spectra data is obtained when MP is implemented with J, H, or OL 
parameters. Predicted CD is compared to experimental SRCD from the Protein Circular 
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Figure C64. Large Conductance Mechanosensitive Channel DInaMo/CDCALC 
Predicted CD Spectrum on (2OAR)153 PDB Structure with Methyl Hydrogens Excluded: 
Both the π–π* and n–π* Transitions are Included in the Calculations. Results are 
presented for both the 4,000! (!)! and! 6,000! (!)! cm-1! bandwidths for different 
parameters: α-helical parameters created for proteins (H), poly-L-proline II parameters (J), 
original parameters created for the dipole interaction model (OL), and mean polarizability 
parameter for methyl group implemented (MP). Identical spectra data is obtained when 
MP is implemented with J, H, or OL parameters. Predicted CD is compared to 
experimental SRCD from the Protein Circular Dichroism Data Bank CD0000115000 
(•).21,160 
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Figure C65. Large Conductance Mechanosensitive Channel DInaMo/CDCALC 
Predicted CD Spectrum on (2OAR)153 PDB Structure with Methyl and Methylene 
Hydrogens Excluded: Both the π–π* and n–π* Transitions are Included in the 
Calculations. Results are presented for both the 4,000! (!)! and! 6,000! (!)! cm-1!
bandwidths for different parameters: α-helical parameters created for proteins (H), poly-
L-proline II parameters (J), original parameters created for the dipole interaction model 
(OL), and mean polarizability parameters for methyl and methylene groups implemented 
(MP). Identical spectra data is obtained when MP is implemented with J, H, or OL 
parameters. Predicted CD is compared to experimental SRCD from the Protein Circular 
Dichroism Data Bank CD0000115000 (•).21,160 
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Figure C66. Large Conductance Mechanosensitive Channel DInaMo/CDCALC 
Predicted CD Spectrum on (2OAR)153 PDB Structure with Methyl, Methylene, and 
Methylidyne Hydrogens Excluded: Both the π–π* and n–π* Transitions are Included in 
the Calculations. Results are presented for both the 4,000! (!)! and! 6,000! (!)! cm-1!
bandwidths for different parameters: α-helical parameters created for proteins (H); poly-
L-proline II parameters (J); original parameters created for the dipole interaction model 
(OL); and mean polarizability parameters (MP). Identical spectra data is obtained when 
MP is implemented with J, H, or OL parameters. Predicted CD is compared to 





Table C12. CD Analysis of Calexcitin (2CCM).154 Two sets of calculations are done: one set made use of the π–π * transition 
parameter only, and the other set involved both the π–π* and n–π* transition parameters. RMSDs are calculated for the entire 
spectrum (175 – 250 nm), π–π* transition (180 – 210 nm), and n–π* transition (210 – 230 nm). 
























a SRCD 193 12.50 208 -6.12 223 -5.52 0.00 0.00 0.00 
b 4000Ho 189 13.11 207 -10.82 223 -2.00 5.24 2.59 3.77 
b 6000Ho 189 6.81 208 -6.03 *223 -2.20 4.84 2.46 3.49 
b 4000Hx 189 13.92 206 -11.80 223 -2.13 6.04 2.53 4.24 
b 6000Hx 188 7.33 208 -6.62 223 -2.37 5.08 2.29 3.60 
b 4000Hy 189 12.03 207 -10.42 223 -2.01 5.31 2.57 3.81 
b 6000Hy 188 6.48 208 -5.88 223 -2.21 5.07 2.46 3.63 
b 4000Jo 195 12.39 213 -10.17 223 -4.41 2.82 2.55 2.33 
b 6000Jo 195 6.37 215 -5.64 223 -3.81 3.92 1.26 2.69 
b 4000Jx 195 12.52 214 -10.77 223 -5.06 2.45 2.89 2.25 
b 6000Jx 194 6.66 215 -6.06 223 -4.26 3.65 0.97 2.48 
b 4000Jy 197 15.05 211 -10.67 223 -3.46 4.84 2.64 3.52 
b 6000Jy 196 7.01 213 -5.48 223 -3.20 4.37 1.67 3.04 
b 4000OL 192 19.69 208 -13.59 223 -2.88 5.11 2.74 3.71 
b 6000OL 192 9.65 210 -7.13 223 -3.02 2.52 1.77 1.95 
b* 4000MP 193 19.42 208 -13.05 223 -2.91 4.61 2.76 3.41 
b* 6000MP 193 9.45 210 -6.75 223 -2.99 2.32 1.78 1.85 
c 4000Ho 189 13.63 207 -10.69 223 -1.95 5.18 2.62 3.73 
c 6000Ho 189 7.15 208 -5.90 223 -2.14 4.67 2.52 3.40 
c 4000Hx 189 13.90 206 -11.74 223 -2.10 5.98 2.54 4.21 
c 6000Hx 188 7.30 208 -6.55 223 -2.34 5.05 2.32 3.58 
c 4000Hy 189 12.36 207 -10.40 223 -1.98 5.32 2.59 3.81 
c 6000Hy 188 6.66 208 -5.85 223 -2.18 5.01 2.49 3.59 
c 4000Jo 195 12.86 213 -10.05 223 -4.31 2.79 2.49 2.30 
c 6000Jo 195 6.69 215 -5.52 223 -3.72 3.79 1.33 2.62 
c 4000Jx 195 12.49 214 -10.70 223 -4.99 2.55 2.85 2.28 
c 6000Jx 194 6.63 215 -5.99 223 -4.20 3.70 1.00 2.52 
c 4000Jy 197 15.38 211 -10.32 223 -3.30 4.92 2.54 3.54 
c 6000Jy 196 7.26 213 -5.21 223 -3.04 4.34 1.81 3.05 
c 4000OL 192 20.21 208 -13.47 223 -2.76 5.25 2.69 3.78 
c 6000OL 192 9.99 210 -6.99 223 -2.90 2.36 1.85 1.89 
c* 4000MP 193 18.71 208 -12.96 223 -2.94 4.49 2.74 3.33 
c* 6000MP 193 9.03 210 -6.76 223 -3.02 2.58 1.76 1.98 
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d 4000Ho 187 15.18 205 -10.99 223 -1.73 7.03 2.79 4.91 
d 6000Ho 187 7.96 207 -6.11 223 -1.97 5.50 2.70 3.94 
d 4000Hx 187 15.91 205 -11.86 223 -1.87 7.52 2.68 5.20 
d 6000Hx 187 8.38 206 -6.62 223 -2.13 5.65 2.52 3.99 
d 4000Hy 187 13.45 205 -10.47 223 -1.67 6.97 2.85 4.88 
d 6000Hy 187 7.19 206 -5.90 223 -1.90 5.82 2.78 4.15 
d 4000Jo 193 14.32 212 -10.32 223 -3.76 2.10 2.54 1.98 
d 6000Jo 193 7.47 213 -5.73 223 -3.44 3.20 1.47 2.28 
d 4000Jx 193 14.14 213 -10.83 223 -4.40 2.02 2.83 2.04 
d 6000Jx 193 7.48 214 -6.09 223 -3.91 3.16 1.16 2.20 
d 4000Jy 194 17.21 209 -10.09 223 -2.31 4.17 2.49 3.10 
d 6000Jy 194 8.10 211 -5.00 223 -2.32 3.46 2.39 2.66 
d 4000OL 190 22.20 206 -13.05 223 -2.05 7.18 2.59 4.97 
d 6000OL 190 10.90 208 -6.67 223 -2.26 3.39 2.38 2.61 
d* 4000MP 184 13.48 - - 223 0.20 6.22 5.61 5.14 
d* 6000MP 186 6.41 - - 223 0.28 5.52 5.71 4.82 
e 4000Ho 189 13.15 205 -8.54 223 -2.77 5.18 2.18 3.62 
e 6000Ho 189 6.84 207 -4.63 223 -2.42 4.87 2.56 3.51 
e 4000Hx 189 13.92 205 -9.58 223 -3.00 5.93 1.93 4.06 
e 6000Hx 188 7.36 207 -5.26 223 -2.64 5.09 2.29 3.59 
e 4000Hy 189 12.16 205 -8.21 223 -2.74 5.20 2.20 3.64 
e 6000Hy 188 6.63 207 -4.52 223 -2.39 5.02 2.59 3.61 
e 4000Jo 195 12.30 211 -6.95 223 -4.18 2.47 0.82 1.72 
e 6000Jo 194 6.39 214 -3.96 223 -3.38 3.94 1.84 2.81 
e 4000Jx 195 12.21 211 -7.55 223 -4.74 2.16 0.75 1.54 
e 6000Jx 194 6.50 215 -4.42 223 -3.81 3.76 1.42 2.63 
e 4000Jy 196 14.62 210 -7.61 223 -3.81 4.46 1.18 3.03 
e 6000Jy 196 6.94 213 -3.93 223 -3.06 4.44 2.06 3.15 
e 4000OL 192 19.20 207 -10.55 223 -3.62 4.41 1.38 3.01 
e 6000OL 192 9.43 209 -5.44 223 -3.13 2.61 1.76 1.99 
e* 4000MP 193 18.57 207 -10.24 223 -3.57 3.90 1.42 2.70 
e* 6000MP 193 8.97 210 -5.20 223 -3.08 2.63 1.82 2.02 
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f 4000Ho 189 12.77 205 -8.78 223 -2.79 5.36 2.15 3.73 
f 6000Ho 189 6.53 207 -4.80 223 -2.46 5.07 2.51 3.62 
f 4000Hx 189 13.99 205 -9.49 223 -2.94 5.88 1.98 4.04 
f 6000Hx 188 7.41 207 -5.19 223 -2.60 5.04 2.34 3.57 
f 4000Hy 189 11.19 205 -8.50 223 -2.78 5.42 2.15 3.77 
f 6000Hy 188 5.87 207 -4.76 223 -2.46 5.38 2.50 3.81 
f 4000Jo 195 11.94 211 -7.11 223 -4.21 2.60 0.83 1.81 
f 6000Jo 194 6.11 214 -4.07 223 -3.43 4.09 1.77 2.89 
f 4000Jx 195 12.33 211 -7.47 223 -4.66 2.20 0.74 1.56 
f 6000Jx 194 6.57 215 -4.35 223 -3.75 3.75 1.49 2.64 
f 4000Jy 196 14.13 210 -7.79 223 -3.83 4.47 1.18 3.03 
f 6000Jy 196 6.57 213 -4.07 223 -3.10 4.58 1.99 3.22 
f 4000OL 192 18.92 206 -10.82 223 -3.60 4.60 1.40 3.14 
f 6000OL 192 9.17 209 -5.59 223 -3.13 2.86 1.75 2.13 
f* 4000MP 193 18.57 207 -10.24 223 -3.57 3.90 1.42 2.70 
f* 6000MP 193 8.97 210 -5.20 223 -3.08 2.63 1.82 2.02 
g 4000Ho 187 15.03 204 -8.98 223 -2.59 6.97 2.40 4.79 
g 6000Ho 187 7.84 205 -4.88 223 -2.29 5.56 2.69 3.96 
g4000Hx 187 15.90 204 -9.75 223 -2.79 7.35 2.18 5.00 
g 6000Hx 187 8.35 206 -5.32 223 -2.46 5.60 2.48 3.95 
g 4000Hy 187 13.36 204 -8.67 223 -2.50 6.95 2.49 4.79 
g 6000Hy 187 7.11 205 -4.80 223 -2.22 5.86 2.76 4.16 
g 4000Jo 193 14.06 210 -7.46 223 -3.96 1.93 1.02 1.42 
g 6000Jo 193 7.31 212 -4.20 223 -3.26 3.37 1.84 2.46 
g 4000Jx 193 13.69 210 -7.86 223 -4.50 1.86 0.85 1.36 
g 6000Jx 193 7.17 213 -4.56 223 -3.67 3.41 1.45 2.41 
g 4000Jy 194 16.01 208 -7.81 223 -3.08 3.86 1.78 2.73 
g 6000Jy 194 7.39 211 -3.91 223 -2.56 3.91 2.45 2.91 
g 4000OL 190 21.23 205 -10.56 223 -2.93 6.63 1.96 4.51 
g 6000OL 190 10.31 207 -5.31 223 -2.57 3.56 2.34 2.68 
g* 4000MP 193 17.77 209 -10.00 223 -4.78 3.29 1.28 2.33 
g* 6000MP 193 9.26 212 -5.41 223 -4.03 2.31 0.98 1.68 
a SRCD from the  PCDDB CD0004676000.21,164  
b CDCALC using PDB structure (2CCM)154 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 groups are ignored.  Only the π–π* transition is included. 
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c CDCALC using PDB structure (2CCM)154 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 and CH3CH2 groups are ignored. Only the π–π* transition is included. 
d CDCALC using PDB structure (2CCM)154 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3, CH2 and CH groups are ignored. Only the π–π* transition is included. 
e CDCALC using PDB structure (2CCM)154 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 groups are ignored.  Both the π–π* and n–π* transitions are included. 
f CDCALC using PDB structure (2CCM)154 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 and CH3CH2 groups are ignored. Both the π–π* and n–π* transitions are included. 
g CDCALC using PDB structure (2CCM)154 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3, CH2 and CH groups are ignored. 
*CDCALC using mean polarizability values for the aliphatic carbons instead of ignoring the hydrogens – all transition parameters yield the same result. 
Yellow highlight represents the lowest RMSD for each category. 
Aqua highlight represents the second lowest RMSD for each category. 
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Figure C67. Calexcitin DInaMo/CDCALC Predicted CD Spectrum on (2CCM)154 PDB 
Structure with Methyl Hydrogens Excluded: Only the π–π* Transition is Included in the 
Calculations. Results are presented for both the 4,000! (!)! and! 6,000! (!)! cm-1!
bandwidths for different parameters: α-helical parameters created for proteins (H), poly-
L-proline II parameters (J), original parameters created for the dipole interaction model 
(OL), and mean polarizability parameter for methyl group implemented (MP). Identical 
spectra data is obtained when MP is implemented with J, H, or OL parameters. Predicted 
CD is compared to experimental SRCD from the Protein Circular Dichroism Data Bank 
CD0004676000 (•).21,164 
 







                                                     !
!
Figure C68. Calexcitin DInaMo/CDCALC Predicted CD Spectrum on (2CCM)154 PDB 
Structure with Methyl and Methylene Hydrogens Excluded: Only the π–π* Transition is 
Included in the Calculations. Results are presented for both the 4,000! (!)! and! 6,000! (!)!
cm-1! bandwidths for different parameters: α-helical parameters created for proteins (H), 
poly-L-proline II parameters (J), original parameters created for the dipole interaction 
model (OL), and mean polarizability parameters for methyl and methylene groups 
implemented (MP). Identical spectra data is obtained when MP is implemented with J, H, 
or OL parameters. Predicted CD is compared to experimental SRCD from the Protein 
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Figure C69. Calexcitin DInaMo/CDCALC Predicted CD Spectrum on (2CCM)154 PDB 
Structure with Methyl, Methylene, and Methylidyne Hydrogens Excluded: Only the π–
π* Transition is Included in the Calculations. Results are presented for both the 4,000!
(!)! and! 6,000! (!)! cm-1! bandwidths for different parameters: α-helical parameters 
created for proteins (H); poly-L-proline II parameters (J); original parameters created for 
the dipole interaction model (OL); and mean polarizability parameters for methyl, 
methylene, and methylidyne groups implemented (MP). Identical spectra data is 
obtained when MP is implemented with J, H, or OL parameters. Predicted CD is 
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Figure C70.  Calexcitin DInaMo/CDCALC Predicted CD Spectrum on (2CCM)154 PDB 
Structure with Methyl Hydrogens Excluded: Both π–π* and n–π* Transitions are 
Included in the Calculations. Results are presented for both the 4,000! (!)! and! 6,000! (!)!
cm-1! bandwidths for different parameters: α-helical parameters created for proteins (H), 
poly-L-proline II parameters (J), original parameters created for the dipole interaction 
model (OL), and mean polarizability parameter for methyl group implemented (MP). 
Identical spectra data is obtained when MP is implemented with J, H, or OL parameters. 
Predicted CD is compared to experimental SRCD from the Protein Circular Dichroism 
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Figure C71. Calexcitin DInaMo/CDCALC Predicted CD Spectrum on (2CCM)154 PDB 
Structure with Methyl and Methylene Hydrogens Excluded: Both π–π* and n–π* 
Transitions are Included in the Calculations. Results are presented for both the 4,000! (!)!
and! 6,000! (!)! cm-1!bandwidths for different parameters: α-helical parameters created for 
proteins (H), poly-L-proline II parameters (J), original parameters created for the dipole 
interaction model (OL), and mean polarizability parameters for methyl and methylene 
groups implemented (MP). Identical spectra data is obtained when MP is implemented 
with J, H, or OL parameters. Predicted CD is compared to experimental SRCD from the 
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Figure C72. Calexcitin DInaMo/CDCALC Predicted CD Spectrum on (2CCM)154 PDB 
Structure with Methyl, Methylene, and Methylidyne Hydrogens Excluded: Both π–π* 
and n–π* Transitions are Included in the Calculations. Results are presented for both the 
4,000! (!)! and! 6,000! (!)! cm-1!bandwidths for different parameters: α-helical parameters 
created for proteins (H); poly-L-proline II parameters (J); original parameters created for 
the dipole interaction model (OL); and mean polarizability parameters for methyl, 
methylene, and methylidyne groups implemented (MP). Identical spectra data is obtained 
when MP is implemented with J, H, or OL parameters. Predicted CD is compared to 





Table C13. CD Analysis of C-phycocyanin (1HA7).155 Two sets of calculations are done: one set made use of the π–π * 
transition parameter only, and the other set involved both the π–π* and n–π* transition parameters. RMSDs are calculated for 
the entire spectrum (175 – 250 nm), π–π* transition (180 – 210 nm), and n–π* transition (210 – 230 nm). 
























a SRCD 192 20.20 220 -8.32 223 -8.03 0.00 0.00 0.00 
b 4000Ho 189 18.49 207 -14.02 223 -2.82 6.65 3.86 4.73 
b 6000Ho 189 9.80 208 -7.89 223 -3.06 7.35 3.68 5.09 
b 4000Hx 189 19.29 207 -15.30 223 -3.06 7.63 3.76 5.27 
b 6000Hx 188 10.35 208 -8.76 223 -3.34 7.60 3.40 5.18 
b 4000Hy 189 15.49 207 -13.44 223 -2.80 7.21 3.86 5.05 
b 6000Hy 188 8.38 208 -7.73 223 -3.04 8.16 3.71 5.57 
b 4000Jo 195 17.33 214 -13.14 223 -6.27 5.66 3.21 3.99 
b 6000Jo 194 9.19 215 -7.41 223 -5.23 7.05 2.03 4.64 
b 4000Jx 195 17.21 214 -13.91 223 -7.25 5.23 3.55 3.82 
b 6000Jx 194 9.30 216 -7.99 223 -5.90 6.81 1.52 4.44 
b 4000Jy 196 21.07 212 -13.26 223 -4.96 8.73 3.43 5.87 
b 6000Jy 196 10.21 214 -6.89 223 -4.36 8.04 2.69 5.33 
b 4000OL 192 26.19 209 -16.25 223 -4.75 5.56 3.69 4.05 
b 6000OL 192 13.19 211 -8.99 223 -4.56 4.71 2.45 3.29 
b* 4000MP 193 25.09 209 -15.69 223 -4.79 5.35 3.64 3.92 
b* 6000MP 193 12.67 211 -8.56 223 -4.51 4.96 2.48 3.44 
c 4000Ho 189 17.80 207 -14.24 223 -2.73 7.12 3.92 5.01 
c 6000Ho 188 9.44 208 -8.02 223 -2.99 7.69 3.74 5.30 
c 4000Hx 188 19.13 207 -15.46 223 -2.93 8.02 3.83 5.52 
c 6000Hx 188 10.32 208 -8.81 223 -3.23 7.82 3.50 5.33 
c 4000Hy 188 15.81 207 -13.58 223 -2.71 7.40 3.92 5.17 
c 6000Hy 188 8.71 208 -7.77 223 -2.97 8.14 3.78 5.57 
c 4000Jo 194 16.64 213 -13.31 223 -6.03 5.42 3.34 3.88 
c 6000Jo 194 8.89 215 -7.51 223 -5.15 7.07 2.06 4.66 
c 4000Jx 194 17.29 214 -14.07 223 -6.93 4.82 3.63 3.62 
c 6000Jx 194 9.44 215 -8.02 223 -5.75 6.61 1.62 4.32 
c 4000Jy 196 21.04 212 -13.62 223 -4.71 8.32 3.58 5.64 
c 6000Jy 196 10.15 214 -7.02 223 -4.26 7.83 2.74 5.21 
c 4000OL 192 25.82 208 -17.10 223 -4.18 5.87 3.95 4.29 
c 6000OL 191 13.02 210 -9.38 223 -4.26 4.86 2.68 3.43 
c* 4000MP 193 23.39 210 -15.71 223 -4.75 5.29 3.83 3.94 
c* 6000MP 193 11.75 211 -8.66 223 -4.56 5.53 2.44 3.77 
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d 4000Ho 187 19.29 206 -14.45 223 -2.42 9.12 4.15 6.23 
d 6000Ho 187 10.18 207 -8.22 223 -2.74 8.54 4.00 5.85 
d 4000Hx 187 20.42 206 -15.64 223 -2.63 9.72 3.99 6.56 
d 6000Hx 187 10.86 207 -8.95 223 -2.98 8.62 3.74 5.86 
d 4000Hy 187 17.36 206 -13.61 223 -2.29 9.32 4.27 6.37 
d 6000Hy 186 9.42 207 -7.81 223 -2.59 8.96 4.16 6.14 
d 4000Jo 193 18.12 212 -13.58 223 -5.25 4.09 3.49 3.20 
d 6000Jo 193 9.51 213 -7.71 223 -4.76 6.45 2.30 4.31 
d 4000Jx 193 18.55 213 -14.22 223 -6.14 3.70 3.72 3.06 
d 6000Jx 193 10.00 214 -8.13 223 -5.36 6.09 1.86 4.03 
d 4000Jy 194 22.19 209 -13.40 223 -3.39 6.33 3.69 4.50 
d 6000Jy 194 10.67 211 -6.90 223 -3.36 6.69 3.45 4.65 
d 4000OL 190 27.09 207 -16.79 223 -3.13 7.58 3.80 5.25 
d 6000OL 190 13.62 208 -9.08 223 -3.39 5.56 3.35 3.98 
d* 4000MP 184 17.97 207 -0.45 223 0.00 8.88 7.48 6.91 
d* 6000MP 185 9.22 214 0.03 223 0.07 8.65 7.62 6.83 
e 4000Ho 189 17.53 205 -11.24 223 -3.79 6.95 3.30 4.76 
e 6000Ho 189 9.14 207 -6.25 223 -3.33 7.81 3.79 5.37 
e 4000Hx 188 18.71 205 -12.53 223 -4.14 7.64 2.94 5.12 
e 6000Hx 188 9.98 207 -7.06 223 -3.66 7.84 3.41 5.32 
e 4000Hy 189 16.45 205 -10.85 223 -3.70 7.04 3.37 4.83 
e 6000Hy 188 9.08 207 -6.08 223 -3.25 7.90 3.87 5.44 
e 4000Jo 194 16.23 211 -9.17 223 -5.68 5.56 1.56 3.69 
e 6000Jo 194 8.54 214 -5.34 223 -4.60 7.38 2.83 4.97 
e 4000Jx 195 17.06 212 -9.78 223 -6.40 5.04 1.25 3.35 
e 6000Jx 194 9.21 215 -5.82 223 -5.13 6.89 2.37 4.62 
e 4000Jy 196 20.25 211 -9.58 223 -5.30 8.26 1.90 5.38 
e 6000Jy 196 9.83 214 -5.10 223 -4.18 8.11 3.20 5.45 
e 4000OL 192 26.11 207 -12.56 223 -5.36 4.71 1.98 3.20 
e 6000OL 192 13.34 210 -6.80 223 -4.50 4.55 2.63 3.24 
e* 4000MP 192 23.65 208 -12.29 223 -5.38 4.66 1.96 3.17 
e* 6000MP 192 11.92 211 -6.68 223 -4.52 5.42 2.61 3.74 
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f 4000Ho 189 16.65 205 -11.69 223 -3.80 7.55 3.30 5.12 
f 6000Ho 188 8.59 207 -6.54 223 -3.36 8.28 3.74 5.64 
f 4000Hx 188 18.57 205 -12.92 223 -4.12 8.22 2.97 5.48 
f 6000Hx 188 9.82 206 -7.29 223 -3.66 8.18 3.40 5.53 
f 4000Hy 188 15.61 205 -11.17 223 -3.72 7.62 3.36 5.17 
f 6000Hy 188 8.48 207 -6.32 223 -3.29 8.37 3.81 5.71 
f 4000Jo 194 15.56 211 -9.59 223 -5.75 5.61 1.56 3.72 
f 6000Jo 194 8.05 214 -5.61 223 -4.70 7.55 2.68 5.05 
f 4000Jx 194 16.73 211 -10.17 223 -6.43 4.70 1.34 3.15 
f 6000Jx 194 8.97 214 -6.05 223 -5.20 6.84 2.23 4.57 
f 4000Jy 196 19.44 210 -10.01 223 -5.19 8.05 2.02 5.26 
f 6000Jy 196 9.23 214 -5.33 223 -4.17 8.18 3.13 5.49 
f 4000OL 191 24.99 207 -13.62 223 -5.14 5.28 2.18 3.57 
f 6000OL 191 12.55 209 -7.33 223 -4.42 5.20 2.64 3.62 
f* 4000MP 192 22.82 208 -12.16 223 -5.24 4.44 2.06 3.05 
f* 6000MP 192 11.65 211 -6.59 223 -4.43 5.51 2.69 3.82 
g 4000Ho 187 19.90 204 -11.97 223 -3.51 9.18 3.63 6.17 
g 6000Ho 187 10.61 206 -6.61 223 -3.11 8.48 4.00 5.81 
g4000Hx 187 20.88 204 -12.99 223 -3.77 9.63 3.34 6.40 
g 6000Hx 187 11.15 206 -7.24 223 -3.36 8.53 3.71 5.79 
g 4000Hy 187 17.38 204 -11.47 223 -3.34 9.45 3.80 6.35 
g 6000Hy 186 9.42 205 -6.45 223 -2.98 9.05 4.13 6.18 
g 4000Jo 192 18.48 210 -9.99 223 -5.37 3.53 1.85 2.49 
g 6000Jo 192 9.90 212 -5.70 223 -4.42 6.25 2.85 4.28 
g 4000Jx 193 18.22 211 -10.43 223 -6.04 3.69 1.54 2.54 
g 6000Jx 193 9.73 213 -6.12 223 -4.93 6.31 2.38 4.25 
g 4000Jy 194 21.09 208 -10.32 223 -4.30 6.14 2.73 4.18 
g 6000Jy 194 10.08 211 -5.30 223 -3.56 7.06 3.61 4.90 
g 4000OL 190 25.93 205 -13.74 223 -4.32 7.17 2.75 4.81 
g 6000OL 190 12.76 207 -7.29 223 -3.79 6.02 3.25 4.22 
g* 4000MP 193 21.43 210 -11.88 223 -6.31 3.53 1.70 2.51 
g* 6000MP 192 11.61 213 -6.73 223 -5.27 5.30 1.99 3.61 
h B09:1 192 17.69 210 -11.57 223 -5.43 2.96 2.45 3.18 
I B09:2 191 16.69 210 -12.92 223 -6.17 3.63 2.74 3.14 
j B09:3 193 13.97 210 -9.59 223 -5.16 4.26 2.14 3.59 
a SRCD from the  PCDDB CD0000012000.21,42  
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b CDCALC using PDB structure (1HA7)155 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 groups are ignored.  Only the π–π* transition is included. 
c CDCALC using PDB structure (1HA7)155 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 and CH3CH2 groups are ignored. Only the π–π* transition is included. 
d CDCALC using PDB structure (1HA7)155 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3, CH2 and CH groups are ignored. Only the π–π* transition is included. 
e CDCALC using PDB structure (1HA7)155 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 groups are ignored.  Both the π–π* and n–π* transitions are included. 
f CDCALC using PDB structure (1HA7)155 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 and CH3CH2 groups are ignored. Both the π–π* and n–π* transitions are included. 
g CDCALC using PDB structure (1HA7)155 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3, CH2 and CH groups are ignored. 
*CDCALC using mean polarizability values for the aliphatic carbons instead of ignoring the hydrogens – all transition parameters yield the same result. 
hMatrix method with (1HA7)155 including only the protein backbone transitions.83  
iMatrix method with (1HA7)155 including protein backbone and charge transfer transitions.83  
iMatrix method with (1HA7)155 including protein backbone, charge transfer and side chain transitions.83  
ellow highlight represents the lowest RMSD for each category. 
Aqua highlight represents the second lowest RMSD for each category. 
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Figure C73. C-phycocyanin DInaMo/CDCALC Predicted CD Spectrum on (1HA7)155 
PDB Structure with Methyl Hydrogens Excluded: Only the π–π* Transition is Included 
in the Calculations. Results are presented for both the 4,000! (!)! and! 6,000! (!)! cm-1!
bandwidths for different parameters: α-helical parameters created for proteins (H), poly-
L-proline II parameters (J), original parameters created for the dipole interaction model 
(OL), and mean polarizability parameter for methyl group implemented (MP). Identical 
spectra data is obtained when MP is implemented with J, H, or OL parameters. Predicted 
CD is compared to experimental SRCD from the Protein Circular Dichroism Data Bank 
CD0000012000 (•).21,42 
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Figure C74.! C-phycocyanin DInaMo/CDCALC Predicted CD Spectrum on (1HA7)155 
PDB Structure with Methyl and Methylene Hydrogens Excluded: Only the π–π* 
Transition is Included in the Calculations. Results are presented for both the 4,000! (!)!
and! 6,000! (!)! cm-1! bandwidths for different parameters: α-helical parameters created 
for proteins (H); poly-L-proline II parameters (J); original parameters created for the 
dipole interaction model (OL); and mean polarizability parameters for methyl and 
methylene groups implemented (MP). Identical spectra data is obtained when MP is 
implemented with J, H, or OL parameters. Predicted CD is compared to experimental 
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Figure C75. C-phycocyanin DInaMo/CDCALC Predicted CD Spectrum on (1HA7)155 
PDB Structure with Methyl, Methylene, and Methylidyne Hydrogens Excluded: Only 
the π–π* Transition is Included in the Calculations. Results are presented for both the 
4,000! (!)! and!6,000! (!)! cm-1!bandwidths for different parameters: α-helical parameters 
created for proteins (H); poly-L-proline II parameters (J); original parameters created for 
the dipole interaction model (OL); and mean polarizability parameters for methyl, 
methylene, and methylidyne groups implemented (MP). Identical spectra data is 
obtained when MP is implemented with J, H, or OL parameters. Predicted CD is 
compared to experimental SRCD from the Protein Circular Dichroism Data Bank 
CD0000012000 (•).21,42 
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Figure C76. C-phycocyanin DInaMo/CDCALC Predicted CD Spectrum on (1HA7)155 
PDB Structure with Methyl Hydrogens Excluded: Both π–π* and n–π* Transitions are 
Included in the Calculations. Results are presented for both the 4,000! (!)! and! 6,000! (!)!
cm-1! bandwidths for different parameters: α-helical parameters created for proteins (H), 
poly-L-proline II parameters (J), original parameters created for the dipole interaction 
model (OL), and mean polarizability parameter for methyl group implemented (MP). 
Identical spectra data is obtained when MP is implemented with J, H, or OL parameters. 
Predicted CD is compared to experimental SRCD from the Protein Circular Dichroism 
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Figure C77. C-phycocyanin DInaMo/CDCALC Predicted CD Spectrum on (1HA7)155 
PDB Structure with Methyl and Methylene Hydrogens Excluded: Both π–π* and n–π* 
Transitions are Included in the Calculations. Results are presented for both the 4,000! (!)!
and! 6,000! (!)! cm-1!bandwidths for different parameters: α-helical parameters created for 
proteins (H), poly-L-proline II parameters (J), original parameters created for the dipole 
interaction model (OL), and mean polarizability parameters for methyl and methylene 
groups implemented (MP). Identical spectra data is obtained when MP is implemented 
with J, H, or OL parameters. Predicted CD is compared to experimental SRCD from the 
Protein Circular Dichroism Data Bank CD0000012000 (•).21,42 
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Figure C78. C-phycocyanin DInaMo/CDCALC Predicted CD Spectrum on (1HA7)155 
PDB Structure with Methyl, Methylene, and Methylidyne Hydrogens Excluded Both π–
π* and n–π* transitions are included in the calculations. Results are presented for both the 
4,000! (!)! and! 6,000! (!)! cm-1!bandwidths for different parameters: α-helical parameters 
created for proteins (H); poly-L-proline II parameters (J); original parameters created for 
the dipole interaction model (OL); and mean polarizability parameters for methyl, 
methylene, and methylidyne groups implemented (MP). Identical spectra data is obtained 
when MP is implemented with J, H, or OL parameters. Predicted CD is compared to 





Table C14. CD Analysis of Voltage Gated Potassium Channel (1J95).156 Two sets of calculations are done: one set made use 
of the π–π * transition parameter only, and the other set involved both the π–π* and n–π* transition parameters. RMSDs are 
calculated for the entire spectrum (175 – 250 nm), π–π* transition (180 – 210 nm), and n–π* transition (210 – 230 nm). 
























a SRCD 192 15.00 209 -6.09 223 -5.75 0.00 0.00 0.00 
b 4000Ho 189 17.82 207 -14.06 223 -2.87 5.76 2.88 4.12 
b 6000Ho 189 8.75 208 -8.02 223 -3.13 5.07 1.96 3.53 
b 4000Hx 189 20.49 207 -14.93 223 -3.00 6.30 3.01 4.48 
b 6000Hx 188 10.54 208 -8.44 223 -3.27 4.47 1.93 3.14 
b 4000Hy 189 16.82 208 -12.95 223 -2.74 5.25 2.79 3.79 
b 6000Hy 188 8.65 209 -7.42 223 -2.96 4.97 2.04 3.48 
b 4000Jo 195 16.71 214 -13.21 223 -6.34 5.85 4.38 4.52 
b 6000Jo 195 8.18 215 -7.52 223 -5.34 5.44 1.07 3.66 
b 4000Jx 195 18.39 215 -13.47 223 -7.11 5.54 4.65 4.42 
b 6000Jx 194 9.54 216 -7.64 223 -5.73 4.73 1.06 3.20 
b 4000Jy 196 23.91 212 -14.31 223 -5.20 9.96 4.60 7.02 
b 6000Jy 196 11.16 214 -7.33 223 -4.61 6.45 1.21 4.32 
b 4000OL 192 30.11 209 -18.07 223 -4.57 9.06 4.87 6.52 
b 6000OL 192 14.63 211 -9.71 223 -4.60 2.74 2.08 2.14 
b* 4000MP 193 28.55 209 -17.52 223 -4.66 9.02 4.90 6.51 
b* 6000MP 193 14.13 211 -9.27 223 -4.61 3.16 1.99 2.36 
c 4000Ho 189 20.24 207 -13.70 223 -2.67 5.74 2.82 4.10 
c 6000Ho 188 10.47 208 -7.62 223 -2.90 4.21 2.08 3.02 
c 4000Hx 188 21.48 207 -14.85 223 -2.87 6.67 2.93 4.69 
c 6000Hx 188 11.27 208 -8.34 223 -3.14 4.41 1.98 3.12 
c 4000Hy 188 17.07 207 -12.85 223 -2.63 5.46 2.76 3.91 
c 6000Hy 188 9.01 208 -7.33 223 -2.85 4.98 2.11 3.49 
c 4000Jo 194 19.02 214 -12.84 223 -5.96 5.47 4.12 4.23 
c 6000Jo 194 9.87 215 -7.15 223 -5.00 4.59 0.97 3.10 
c 4000Jx 194 19.27 215 -13.35 223 -6.82 5.22 4.55 4.22 
c 6000Jx 194 10.24 216 -7.53 223 -5.54 4.30 1.03 2.91 
c 4000Jy 196 23.93 212 -14.10 223 -4.88 9.62 4.38 6.78 
c 6000Jy 196 11.24 214 -7.18 223 -4.38 6.22 1.26 4.18 
c 4000OL 192 30.09 209 -18.06 223 -4.23 9.13 4.57 6.51 
c 6000OL 192 14.72 210 -9.69 223 -4.34 2.63 2.03 2.07 
c* 4000MP 193 28.55 210 -17.52 223 -4.85 8.74 5.21 6.41 
c* 6000MP 193 14.13 212 -9.27 223 -4.73 3.25 1.98 2.41 
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d 4000Ho 187 21.23 206 -14.05 223 -2.44 7.57 2.73 5.23 
d 6000Ho 187 10.58 207 -7.99 223 -2.74 5.47 2.20 3.82 
d 4000Hx 187 21.45 206 -15.22 223 -2.67 8.10 2.78 5.57 
d 6000Hx 187 10.68 207 -8.73 223 -3.01 5.75 2.05 3.97 
d 4000Hy 187 18.00 206 -13.06 223 -2.28 7.25 2.72 5.02 
d 6000Hy 187 9.05 207 -7.53 223 -2.58 6.07 2.32 4.21 
d 4000Jo 193 19.81 213 -13.15 223 -5.31 4.67 4.13 3.80 
d 6000Jo 193 9.90 214 -7.49 223 -4.75 4.05 1.23 2.78 
d 4000Jx 193 19.26 214 -13.65 223 -6.20 4.62 4.61 3.92 
d 6000Jx 193 9.70 215 -7.84 223 -5.35 4.17 1.28 2.86 
d 4000Jy 194 25.84 210 -14.13 223 -3.60 8.85 3.60 6.16 
d 6000Jy 194 11.98 212 -7.12 223 -3.53 5.03 1.69 3.46 
d 4000OL 190 32.05 207 -18.19 223 -3.30 10.31 3.43 7.06 
d 6000OL 190 15.27 208 -9.66 223 -3.59 3.21 1.97 2.39 
d* 4000MP 183 29.21 197 -1.27 223 0.125 10.66 5.59 7.68 
d* 6000MP 184 13.89 250 0.09 223 0.199 6.24 5.68 5.17 
e 4000Ho 189 19.68 205 -10.98 223 -3.65 5.09 1.58 3.48 
e 6000Ho 189 10.07 207 -5.99 223 -3.20 4.23 1.90 2.99 
e 4000Hx 189 20.98 205 -12.20 223 -3.97 5.97 1.43 4.03 
e 6000Hx 188 10.99 207 -6.75 223 -3.50 4.24 1.60 2.95 
e 4000Hy 189 16.17 206 -10.38 223 -3.52 5.04 1.66 3.45 
e 6000Hy 188 8.31 207 -5.88 223 -3.12 5.16 1.97 3.58 
e 4000Jo 195 18.18 211 -8.94 223 -5.55 5.39 1.53 3.71 
e 6000Jo 194 9.36 215 -5.14 223 -4.47 4.88 0.93 3.32 
e 4000Jx 195 18.33 212 -9.51 223 -6.18 5.11 2.04 3.63 
e 6000Jx 194 9.63 215 -5.60 223 -4.93 4.58 0.54 3.12 
e 4000Jy 196 23.02 211 -10.38 223 -5.48 9.27 2.03 6.23 
e 6000Jy 196 10.73 214 -5.43 223 -4.35 6.38 0.95 4.27 
e 4000OL 192 29.18 207 -14.28 223 -5.43 8.02 2.32 5.46 
e 6000OL 192 14.18 210 -7.58 223 -4.65 2.44 0.98 1.77 
e* 4000MP 193 28.56 208 -13.64 223 -5.37 8.04 2.25 5.46 
e* 6000MP 193 13.86 210 -7.12 223 -4.56 2.90 0.92 2.04 
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f 4000Ho 189 19.92 205 -11.17 223 -3.59 5.46 1.62 3.71 
f 6000Ho 188 10..29 207 -6.09 223 -3.16 4.33 1.93 3.06 
f 4000Hx 188 20.75 205 -12.39 223 -3.91 6.34 1.46 4.27 
f 6000Hx 188 10.76 207 -6.88 223 -3.47 4.63 1.63 3.20 
f 4000Hy 188 17.19 205 -10.61 223 -3.50 5.33 1.68 3.64 
f 6000Hy 188 9.03 207 -5.97 223 -3.09 5.02 1.99 3.49 
f 4000Jo 194 18.73 211 -9.09 223 -5.47 5.15 1.55 3.55 
f 6000Jo 194 9.66 214 -5.18 223 -4.41 4.63 0.95 3.15 
f 4000Jx 194 18.27 212 -9.68 223 -6.10 4.72 2.06 3.38 
f 6000Jx 194 9.56 215 -5.69 223 -4.91 4.40 0.52 3.00 
f 4000Jy 196 22.22 210 -10.66 223 -5.41 8.79 2.06 5.93 
f 6000Jy 196 10.24 214 -5.62 223 -4.36 6.22 0.92 4.16 
f 4000OL 191 28.61 207 -14.43 223 -5.21 7.97 2.13 5.40 
f 6000OL 191 13.82 209 -7.63 223 -4.50 2.60 1.03 1.86 
f* 4000MP 193 27.15 208 -13.70 223 -5.53 7.63 2.44 5.23 
f* 6000MP 193 13.18 211 -7.24 223 -4.72 3.17 0.89 2.21 
g 4000Ho 187 21.77 204 -11.58 223 -3.42 7.23 1.76 4.87 
g 6000Ho 187 11.04 206 -6.38 223 -3.04 5.16 2.05 3.59 
g4000Hx 187 22.71 204 -12.52 223 -3.71 7.66 1.55 5.14 
g 6000Hx 187 11.64 206 -6.94 223 -3.29 5.15 1.79 3.55 
g 4000Hy 187 20.15 204 -10.62 223 -3.16 6.91 1.99 4.69 
g 6000Hy 186 10.70 206 -5.85 223 -2.78 5.28 2.31 3.71 
g 4000Jo 192 20.22 210 -9.62 223 -5.25 4.40 1.57 3.07 
g 6000Jo 192 10.28 213 -5.48 223 -4.31 3.83 0.96 2.63 
g 4000Jx 193 20.36 211 -9.86 223 -5.86 4.48 1.96 3.20 
g 6000Jx 193 10.56 214 -5.71 223 -4.73 3.79 0.63 2.60 
g 4000Jy 194 26.10 208 -10.60 223 -4.37 8.23 1.57 5.50 
g 6000Jy 194 12.31 212 -5.23 223 -3.57 4.78 1.58 3.29 
g 4000OL 190 31.53 205 -14.38 223 -4.38 9.14 1.51 6.10 
g 6000OL 190 15.25 208 -7.40 223 -3.82 2.60 1.36 1.90 
g* 4000MP 194 25.35 210 -12.15 223 -6.31 7.60 2.86 5.32 
g* 6000MP 194 12.97 213 -6.58 223 -5.24 4.11 0.52 2.84 
a SRCD from the Protein Circular Dichroism Data Bank CD0000110000.21,160 
b CDCALC using PDB structure (1J95)156 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 groups are ignored.  Only the π–π* transition is included. 
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c CDCALC using PDB structure (1J95)156 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 and CH3CH2 groups are ignored. Only the π–π* transition is included. 
d CDCALC using PDB structure (1J95)156 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3, CH2 and CH groups are ignored. Only the π–π* transition is included. 
e CDCALC using PDB structure (1J95)156 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 groups are ignored.  Both the π–π* and n–π* transitions are included. 
f CDCALC using PDB structure (1J95)156 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 and CH3CH2 groups are ignored. Both the π–π* and n–π* transitions are included. 
g CDCALC using PDB structure (1J95)156 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3, CH2 and CH groups are ignored. 
*CDCALC using mean polarizability values for the aliphatic carbons instead of ignoring the hydrogens – all transition parameters yield the same result. 
Yellow highlight represents the lowest RMSD for each category. 
Aqua highlight represents the second lowest RMSD for each category. 
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Figure C79. Voltage Gated Potassium Channel DInaMo/CDCALC Predicted CD 
Spectrum on (1J95)156 PDB Structure with Methyl Hydrogens Excluded: Only the π–π* 
Transition is Included in the Calculations. Results are presented for both the 4,000! (!)!
and! 6,000! (!)! cm-1!bandwidths for different parameters: α-helical parameters created for 
proteins (H), poly-L-proline II parameters (J), original parameters created for the dipole 
interaction model (OL), and mean polarizability parameter for methyl group implemented 
(MP). Identical spectra data is obtained when MP is implemented with J, H, or OL 
parameters. Predicted CD is compared to experimental SRCD from the Protein Circular 
Dichroism Data Bank CD0000110000 (•).21,160 
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Figure C80. Voltage Gated Potassium Channel DInaMo/CDCALC Predicted CD 
Spectrum on (1J95)156 PDB Structure with Methyl and Methylene Hydrogens Excluded: 
Only the π–π* Transition is Included in the Calculations. Results are presented for both 
the 4,000! (!)! and! 6,000! (!)! cm-1! bandwidths for different parameters: α-helical 
parameters created for proteins (H), poly-L-proline II parameters (J), original parameters 
created for the dipole interaction model (OL), and mean polarizability parameters for 
methyl and methylene groups implemented (MP). Identical spectra data is obtained when 
MP is implemented with J, H, or OL parameters. Predicted CD is compared to 
experimental SRCD from the Protein Circular Dichroism Data Bank CD0000110000 
(•).21,160 
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Figure C81. Voltage Gated Potassium Channel DInaMo/CDCALC Predicted CD 
Spectrum on (1J95)156 PDB Structure with Methyl, Methylene, and Methylidyne 
Hydrogens Excluded: Only the π–π* Transition is Included in the Calculations. Results 
are presented for both the 4,000! (!)! and! 6,000! (!)! cm-1! bandwidths for different 
parameters: α-helical parameters created for proteins (H); poly-L-proline II parameters 
(J); original parameters created for the dipole interaction model (OL); and mean 
polarizability parameters for methyl, methylene, and methylidyne groups implemented 
(MP). Identical spectra data is obtained when MP is implemented with J, H, or OL 
parameters. Predicted CD is compared to experimental SRCD from the Protein Circular 
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Figure C82. Voltage Gated Potassium Channel DInaMo/CDCALC Predicted CD 
Spectrum on (1J95)156 PDB Structure with Methyl Hydrogens Excluded: Both π–π* and 
n–π* Transitions are Included in the Calculations. Results are presented for both the 
4,000! (!)! and! 6,000! (!)! cm-1!bandwidths for different parameters: α-helical parameters 
created for proteins (H), poly-L-proline II parameters (J), original parameters created for 
the dipole interaction model (OL), and mean polarizability parameter for methyl group 
implemented (MP). Identical spectra data is obtained when MP is implemented with J, H, 
or OL parameters. Predicted CD is compared to experimental SRCD from the Protein 
Circular Dichroism Data Bank CD0000110000 (•).21,160 
 






                                                      !
!
Figure C83. Voltage Gated Potassium Channel DInaMo/CDCALC Predicted CD 
Spectrum on (1J95)156 PDB Structure with Methyl and Methylene Hydrogens Excluded: 
Both π–π* and n–π* Transitions are Included in the Calculations. Results are presented 
for both the 4,000! (!)! and! 6,000! (!)! cm-1!bandwidths for different parameters: α-helical 
parameters created for proteins (H), poly-L-proline II parameters (J), original parameters 
created for the dipole interaction model (OL), and mean polarizability parameters for 
methyl and methylene groups implemented (MP). Identical spectra data is obtained when 
MP is implemented with J, H, or OL parameters. Predicted CD is compared to 
experimental SRCD from the Protein Circular Dichroism Data Bank CD0000110000 
(•).21,160 
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Figure C84. Voltage Gated Potassium Channel DInaMo/CDCALC Predicted CD 
Spectrum on (1J95)156 PDB Structure with Methyl, Methylene, and Methylidyne 
Hydrogens Excluded: Both π–π* and n–π* Transitions are Included in the Calculations. 
Results are presented for both the 4,000! (!)! and! 6,000! (!)! cm-1!bandwidths for different 
parameters: α-helical parameters created for proteins (H); poly-L-proline II parameters 
(J); original parameters created for the dipole interaction model (OL); and mean 
polarizability parameters for methyl, methylene, and methylidyne groups implemented 
(MP). Identical spectra data is obtained when MP is implemented with J, H, or OL 
parameters. Predicted CD is compared to experimental SRCD from the Protein Circular 





Table C15. CD Analysis of Hemoglobin (1HDA).157 Two sets of calculations are done: one set made use of the π–π * 
transition parameter only, and the other set involved both the π–π* and n–π* transition parameters. RMSDs are calculated for 
the entire spectrum (175 – 250 nm), π–π* transition (180 – 210 nm), and n–π* transition (210 – 230 nm). 
























a SRCD 194 14.85 221 -7.61 223 -7.44 0.00 0.00 0.00 
b 4000Ho 189 14.70 207 -13.33 223 -2.57 7.05 3.62 4.91 
b 6000Ho 188 8.10 208 -7.68 223 -2.84 5.95 3.31 4.20 
b 4000Hx 189 15.80 206 -14.61 223 -2.76 8.21 3.57 5.60 
b 6000Hx 187 8.96 207 -8.48 223 -3.07 6.37 3.11 4.42 
b 4000Hy 188 12.96 207 -12.72 223 -2.56 7.36 3.61 5.10 
b 6000Hy 187 7.58 208 -7.48 223 -2.82 6.44 3.33 4.49 
b 4000Jo 195 13.81 213 -12.51 223 -5.65 1.85 3.43 2.16 
b 6000Jo 193 7.58 214 -7.20 223 -4.87 3.73 1.76 2.58 
b 4000Jx 194 14.05 214 -13.33 223 -6.50 1.62 3.82 2.25 
b 6000Jx 193 8.07 215 -7.78 223 -5.48 3.44 1.41 2.35 
b 4000Jy 197 16.80 212 -13.29 223 -4.54 4.55 3.74 3.53 
b 6000Jy 196 8.14 213 -7.05 223 -4.17 4.16 2.25 2.94 
b 4000OL 192 22.26 208 -16.22 223 -3.88 5.75 3.91 5.75 
b 6000OL 192 11.35 210 -8.86 223 -3.97 2.62 2.50 2.62 
b* 4000MP 193 20.57 209 -15.77 223 -3.93 4.73 3.91 3.66 
b* 6000MP 193 10.38 210 -8.50 223 -3.97 2.50 2.48 2.08 
c 4000Ho 189 14.58 206 -13.25 223 -2.48 7.35 3.66 5.09 
c 6000Ho 188 8.07 207 -7.64 223 -2.76 6.16 3.38 4.34 
c 4000Hx 188 15.70 206 -14.60 223 -2.67 8.51 3.59 5.79 
c 6000Hx 187 8.89 207 -8.48 223 -2.98 6.62 3.18 4.58 
c 4000Hy 188 12.57 207 -12.70 223 -2.50 7.66 3.64 5.28 
c 6000Hy 186 7.38 207 -7.49 223 -2.77 6.70 3.38 4.66 
c 4000Jo 194 13.64 213 -12.45 223 -5.44 1.59 3.41 2.06 
c 6000Jo 193 7.59 214 -7.17 223 -4.75 3.70 1.84 2.58 
c 4000Jx 194 14.25 214 -13.23 223 -6.25 1.46 3.78 2.18 
c 6000Jx 193 8.16 215 -7.71 223 -5.33 3.38 1.50 2.33 
c 4000Jy 196 16.75 211 -13.19 223 -4.28 4.15 3.68 3.30 
c 6000Jy 195 8.17 213 -6.96 223 -3.99 3.98 2.39 2.87 
c 4000OL 192 20.81 208 -16.81 223 -3.65 6.01 3.87 4.35 
c 6000OL 191 10.34 209 -9.19 223 -3.85 3.43 2.60 2.60 
c* 4000MP 194 18.80 209 -15.25 223 -4.09 3.97 3.96 3.28 
c* 6000MP 193 9.69 211 -8.33 223 -4.08 2.70 2.39 2.16 
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d 4000Ho 187 14.23 205 -13.51 223 -2.24 9.15 3.81 6.20 
d 6000Ho 186 7.81 206 -7.96 223 -2.57 7.46 3.56 5.14 
d 4000Hx 187 16.18 205 -14.58 223 -2.38 9.81 3.72 6.61 
d 6000Hx 186 9.15 206 -8.52 223 -2.73 7.48 3.41 5.15 
d 4000Hy 186 13.47 205 -12.66 223 -2.10 9.25 3.91 6.32 
d 6000Hy 185 8.01 206 -7.49 223 2.41 7.60 3.73 5.28 
d 4000Jo 193 13.36 212 -12.68 223 -4.77 2.20 3.49 2.31 
d 6000Jo 191 7.31 213 -7.46 223 -4.44 4.04 2.08 2.82 
d 4000Jx 193 14.52 213 -13.23 223 -5.52 1.76 3.75 2.26 
d 6000Jx 192 8.31 214 -7.77 223 -4.94 3.43 1.77 2.41 
d 4000Jy 194 16.73 209 -13.01 223 -3.10 3.18 3.56 2.80 
d 6000Jy 193 8.14 211 -6.82 223 -3.16 3.58 3.04 2.82 
d 4000OL 190 21.06 206 -16.15 223 -2.69 7.73 3.64 5.31 
d 6000OL 190 10.74 207 -8.68 223 -2.99 4.68 3.17 3.43 
d* 4000MP 184 16.61 200 -1.19 223 0.01 8.24 6.75 6.80 
d* 6000MP 185 8.36 206 -0.13 223 0.05 6.58 6.80 5.65 
e 4000Ho 189 19.11 205 -9.79 223 -1.50 7.29 4.56 5.28 
e 6000Ho 188 11.35 207 -4.89 223 -1.58 5.18 4.68 4.19 
e 4000Hx 188 16.42 205 -11.92 223 -1.82 8.01 4.21 5.61 
e 6000Hx 187 9.47 206 -6.46 223 -2.00 6.15 4.18 4.54 
e 4000Hy 188 14.14 205 -10.11 223 -1.72 7.18 4.35 5.15 
e 6000Hy 187 8.38 206 -5.50 223 -1.84 6.11 4.40 4.56 
e 4000Jo 194 17.99 211 -7.34 223 -2.70 2.52 3.70 2.55 
e 6000Jo 193 10.76 213 -3.36 223 -1.96 3.13 4.45 3.08 
e 4000Jx 194 13.36 211 -8.89 223 -2.91 1.33 3.25 1.96 
e 6000Jx 193 7.66 213 -4.64 223 -2.66 3.84 3.66 3.13 
e 4000Jy 196 18.13 210 -8.80 223 -2.14 3.89 3.81 3.23 
e 6000Jy 195 9.47 213 -3.90 223 -2.00 3.84 4.30 3.35 
e 4000OL 192 20.06 207 -12.57 223 -2.00 4.49 3.96 3.57 
e 6000OL 192 9.98 209 -6.35 223 -2.29 3.15 3.82 2.86 
e* 4000MP 193 19.56 207 -11.85 223 -1.99 3.58 4.17 3.21 
e* 6000MP 192 9.75 209 -5.76 223 -2.22 2.86 4.09 2.85 
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f 4000Ho 189 13.32 204 -11.28 223 -1.76 7.49 4.29 5.27 
f 6000Ho 187 7.15 206 -6.27 223 -1.98 6.53 4.22 4.73 
f 4000Hx 188 15.97 204 -12.10 223 -1.90 8.36 4.15 5.80 
f 6000Hx 187 9.09 206 -6.64 223 -2.08 6.50 4.10 4.71 
f 4000Hy 188 9.05 204 -10.84 223 -1.85 7.93 4.22 5.54 
f 6000Hy 186 4.92 205 -6.34 223 -2.07 7.52 4.14 5.28 
f 4000Jo 194 12.30 210 -8.93 223 -2.68 1.90 3.42 2.23 
f 6000Jo 193 6.64 213 -4.73 223 -2.55 4.36 3.73 3.43 
f 4000Jx 194 14.61 211 -8.99 223 -3.09 0.94 3.12 1.78 
f 6000Jx 193 8.52 213 -4.70 223 -2.78 3.40 3.55 2.87 
f 4000Jy 195 20.35 210 -8.56 223 -2.30 4.01 3.69 3.23 
f 6000Jy 195 11.32 213 -3.68 223 -2.05 3.19 4.31 3.05 
f 4000OL 192 22.35 206 -12.50 223 -1.72 5.47 4.19 4.15 
f 6000OL 191 11.96 208 -6.03 223 -2.00 2.72 4.13 2.80 
f* 4000MP 193 18.87 207 -11.40 223 -1.74 3.06 4.15 2.97 
f* 6000MP 192 9.81 209 -5.52 223 -2.02 2.71 4.09 2.78 
g 4000Ho 188 11.79 203 -11.39 223 -1.74 8.86 4.38 6.12 
g 6000Ho 186 5.95 204 -6.55 223 -1.95 7.75 4.28 5.44 
g4000Hx 187 15.46 203 -12.25 223 -1.97 9.49 4.14 6.48 
g 6000Hx 186 8.71 205 -6.89 223 -2.14 7.41 4.08 5.23 
g 4000Hy 187 7.96 204 -11.40 223 -1.77 9.55 4.34 6.52 
g 6000Hy 186 3.71 204 -6.91 223 -2.03 8.78 4.19 6.03 
g 4000Jo 193 11.21 209 -9.28 223 -2.63 2.97 3.46 2.67 
g 6000Jo 192 5.68 210 -5.16 223 -2.59 5.02 3.66 3.76 
g 4000Jx 193 13.29 210 -9.49 223 -2.90 1.55 3.29 2.01 
g 6000Jx 192 7.59 211 -5.14 223 -2.75 3.88 3.52 3.10 
g 4000Jy 194 17.39 207 -9.54 223 -1.46 2.05 4.41 2.71 
g 6000Jy 193 8.96 210 -4.40 223 -1.62 3.22 4.57 3.18 
g 4000OL 190 23.88 204 -12.69 223 -1.44 8.07 4.50 5.68 
g 6000OL 189 13.14 207 -6.07 223 -1.68 4.35 4.46 3.68 
g* 4000MP 194 12.79 210 -9.01 223 -2.09 1.75 3.85 2.36 
g* 6000MP 193 7.21 212 -4.45 223 -2.14 4.08 4.10 3.40 
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h B09:1 191 14.73 209 -10.46 223 -5.36 2.77 2.29 2.60 
i B09:2 191 14.10 209 -11.72 223 -5.96 3.94 3.26 3.42 
j B09:3 192 11.87 210 -9.49 223 -5.43 1.74 2.09 1.89 
k SW01 186 9.79 204 -5.22 223 -6.03 7.01 1.38 4.67 
l SW02 188 10.79 206 -3.87 223 -5.95 5.54 1.69 3.88 
a SRCD from the  PCDDB CD0000037000.21,42  
b CDCALC using PDB structure (1HDA)157 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 groups are ignored.  Only the π–π* transition is included. 
c CDCALC using PDB structure (1HDA)157 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 and CH3CH2 groups are ignored. Only the π–π* transition is included. 
d CDCALC using PDB structure (1HDA)157 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3, CH2 and CH groups are ignored. Only the π–π* transition is included. 
e CDCALC using PDB structure (1HDA)157 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 groups are ignored.  Both the π–π* and n–π* transitions are included. 
f CDCALC using PDB structure (1HDA)157 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3 and CH3CH2 groups are ignored. Both the π–π* and n–π* transitions are included. 
g CDCALC using PDB structure (1HDA)157 minimized via NAMD/CHARMM22 in vacuum and 5,000 conjugate gradient steps.  The hydrogens on all 
CH3, CH2 and CH groups are ignored. 
*CDCALC using mean polarizability values for the aliphatic carbons instead of ignoring the hydrogens – all transition parameters yield the same result. 
hMatrix method with (1HDA)157 including only the protein backbone transitions.83  
iMatrix method with (1HDA)157 including protein backbone and charge transfer transitions.83  
iMatrix method with (1HDA)157 including protein backbone, charge transfer and side chain transitions.83  
k Matrix method on PDB code 1HCO180 with INDO/S wavefunctions including the peptide groups only.86  
l Matrix method on PDB code 1HCO180 with INDO/S wavefunction including the peptide groups and aromatic chromophores.86  
Yellow highlight represents the lowest RMSD for each category. 
Aqua highlight represents the second lowest RMSD for each category. 
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Figure C85. Hemoglobin DInaMo/CDCALC Predicted CD Spectrum on  (1HDA)157 
PDB Structure with Methyl Hydrogens Excluded: Only the π–π* Transition is Included 
in the Calculations. Results are presented for both the 4,000! (!)! and! 6,000! (!)! cm-1!
bandwidths for different parameters: α-helical parameters created for proteins (H), poly-
L-proline II parameters (J), original parameters created for the dipole interaction model 
(OL), and mean polarizability parameter for methyl group implemented (MP). Identical 
spectra data is obtained when MP is implemented with J, H, or OL parameters. Predicted 
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Figure C86. Hemoglobin DInaMo/CDCALC Predicted CD Spectrum on (1HDA)157 
PDB Structure with Methyl and Methylene Hydrogens Excluded: Only the π–π* 
Transition is Included in the Calculations. Results are presented for both the 4,000! (!)!
and! 6,000! (!)! cm-1!bandwidths for different parameters: α-helical parameters created for 
proteins (H), poly-L-proline II parameters (J), original parameters created for the dipole 
interaction model (OL), and mean polarizability parameters for methyl and methylene 
groups implemented (MP). Identical spectra data is obtained when MP is implemented 
with J, H, or OL parameters. Predicted CD is compared to experimental SRCD from the 
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Figure C87. Hemoglobin DInaMo/CDCALC Predicted CD Spectrum on (1HDA)157 
PDB Structure with Methyl, Methylene, and Methylidyne Hydrogens Excluded: Only the 
π–π* Transition is Included in the Calculations. Results are presented for both the 4,000!
(!)! and!6,000! (!)! cm-1!bandwidths for different parameters: α-helical parameters created 
for proteins (H); poly-L-proline II parameters (J); original parameters created for the 
dipole interaction model (OL); and mean polarizability parameters for methyl, methylene, 
and methylidyne groups implemented (MP). Identical spectra data is obtained when MP 
is implemented with J, H, or OL parameters. Predicted CD is compared to experimental 











Figure C88. Hemoglobin DInaMo/CDCALC Predicted CD Spectrum on (1HDA)157 
PDB Structure with Methyl Hydrogens Excluded: Both π–π* and n–π* Transitions are 
Included in the Calculations. Results are presented for both the 4,000! (!)! and! 6,000! (!)!
cm-1! bandwidths for different parameters: α-helical parameters created for proteins (H), 
poly-L-proline II parameters (J), original parameters created for the dipole interaction 
model (OL), and mean polarizability parameter for methyl group implemented (MP). 
Identical spectra data is obtained when MP is implemented with J, H, or OL parameters. 
Predicted CD is compared to experimental SRCD from the Protein Circular Dichroism 
Data Bank CD0000037000 (•).21,42 
 








Figure C89.! Hemoglobin DInaMo/CDCALC Predicted CD Spectrum on (1HDA)157 
PDB Structure with Methyl and Methylene Hydrogens Excluded: Both π–π* and n–π* 
Transitions are Included in the Calculations. Results are presented for both the 4,000! (!)!
and! 6,000! (!)! cm-1!bandwidths for different parameters: α-helical parameters created for 
proteins (H), poly-L-proline II parameters (J), original parameters created for the dipole 
interaction model (OL), and mean polarizability parameters for methyl and methylene 
groups implemented (MP). Identical spectra data is obtained when MP is implemented 
with J, H, or OL parameters. Predicted CD is compared to experimental SRCD from the 












Figure C90. Hemoglobin DInaMo/CDCALC Predicted CD Spectrum on (1HDA)157 
PDB Structure with Methyl, Methylene, and Methylidyne Hydrogens Excluded: Both π–
π* and n–π* Transitions are Included in the Calculations. Results are presented for both 
the 4,000! (!)! and! 6,000! (!)! cm-1! bandwidths for different parameters: α-helical 
parameters created for proteins (H); poly-L-proline II parameters (J); original parameters 
created for the dipole interaction model (OL); and mean polarizability parameters for 
methyl, methylene, and methylidyne groups implemented (MP). Identical spectra data is 
obtained when MP is implemented with J, H, or OL parameters. Predicted CD is 









CD predictions with mean polarizability values gives distinct results with each of the 
parameters (original, helical, and poly-L proline) for the cyclic peptide cyclo(Gly-Pro-
Gly- D-Ala-Pro). However, when the mean polarizability values are implemented with 
proteins, identical results are obtained for all three parameters for either bandwidths. 
Results with the 4,000 cm-1 bandwidth are identical for all three parameters for 
calculations with only π-π* amide transition, as well as those with both π-π* and n-π* 
amide transition. In a similar manner, identical results are also obtained with all three 
parameters for the 6,000 cm-1 bandwidth. In a attempt to find out what the code might be 
doing, peptides raging from 3 amino acids to 7 are obtained from α-helices in chain A of 
voltage gated potassium channel (1J95) protein. Each peptide is energy minimized with 
NAMD/CHARMM22 for 10,000 conjugate gradient steps, and subjected to the normal 
DInaMo/CDCALC subroutines. Obtained CD results suggest that there is a size 
limitation with mean polarizability value predictions. Peptides with 6 or less amino acids 
that are treated with the DinaMo packaged (alanine, glycine, leucine, isoleucine, valine, 
and proline) give good results with mean polarizability values: distinct results are 
obtained with each of the parameters. Peptides with more that 6 amino acids gives 
identical results with all three parameters; similar to what is observe with proteins. 
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It is also interesting that there seems to be a sequence limitation with the mean 
polarizabilityvalues as well. A pentapeptide (Try-Pro-Arg-Ala-Leu), with two amino 
acids (Try-Arg) not treated by the code gives identical values for all three parameter, 
while a pentapeptide (Gly-Ala-Pro-Gly-Ala) with all five amino acids treated in the 
DInoMo package gives distinct values for each of the parameter sets. Normally, all amino 
acids not treated by the package are mutated to alanine. It is therefore stunning that a 
variation in residues should bring about such differences. On the contrary, a tripeptide 
with all three residues (Thr-Trp-Phe) not treated by DInaMo yields distinct results and 
not identical results for each of the parameters. This indicates that the issue with the mean 
polarizability CD predictions might be related to both size and amino acid residue. It is 
therefore worth looking at the pdbmutate subroutine in the DInaMo package that mutates 
all other amino acids no treated with the code to alanine for possible clues on what the 
issue with the mean polarizability predictions might be.  
  
Figure D1. Pro-Gly-Ala CD Prediction with Methyl and Methylene Mean Polarizability 
Values. The peptide structure is obtained from voltage gated potassium channel (1J95, 
chain residues 55–57),156  and  energy minimized with NAMD/CHARMM22 for 10,000 




Figure D2. Thr-Trp-Phe CD Prediction with Methyl and Methylene Mean Polarizability 
Values. The peptide structure is obtained from voltage gated potassium channel (1J95, 
chain A residues 112–114)156 and energy minimized with NAMD/CHARMM22 for 







Figure! D3. Gly-Ala-Pro-Gly CD Prediction with Methyl and Methylene Mean 
Polarizability Values. The peptide structure is obtained from voltage gated potassium 
channel (1J95 chain A residues 53–56)156 and energy minimized with 





Figure! D4. Gly-Ala-Pro-Gly-Ala CD Prediction with Methyl and Methylene Mean 
Polarizability Values. The peptide structure is obtained from voltage gated potassium 
channel (1J95 chain A residues 53–57)156 and energy minimized with 




Figure! D5. Tyr-Pro-Arg-Ala-Leu CD Prediction with Methyl and Methylene Mean 
Polarizability Values. Since results with all three amide transition parameter sets (original, 
helical, and poly-L-proline) are identical, the notation MP is used. The peptide structure 
is obtained from voltage gated potassium channel (1J95)156 and  energy minimized with 




Figure! D6. Ala-Ala-Gly-Ala-Ala-Thr CD Prediction with Methyl and Methylene Mean 
Polarizability Values. The peptide structure is obtained from voltage gated potassium 
channel (1J95 chain A residues 27–33)156 and energy minimized with 






Mean Polarizability MatLab Scripts 
 
Methyl Group Mean Polarizability 
 
a1=[0,0,0]; * carbon coordinate* 





al1=0.878; *carbon polarizability* 




*distance between carbon and hydrogen atoms* 
r12=((a1(1)-a2(1))^2 + (a1(2)-a2(2))^2 +(a1(3)-a2(3))^2)^0.5 ; atoms* 
r13=((a1(1)-a3(1))^2 + (a1(2)-a3(2))^2 +(a1(3)-a3(3))^2)^0.5 ; 
r14=((a1(1)-a4(1))^2 + (a1(2)-a4(2))^2 +(a1(3)-a4(3))^2)^0.5 ; 
r23=((a2(1)-a3(1))^2 + (a2(2)-a3(2))^2 +(a2(3)-a3(3))^2)^0.5 ; 
r24=((a2(1)-a4(1))^2 + (a2(2)-a4(2))^2 +(a2(3)-a4(3))^2)^0.5 ; 



















*Thole's dipole field tensor* 
T12=(r12^-3)*eye(3,3)-3*(r12^-5)*[x12^2, x12*y12, x12*z12; x12*y12, y12^2, y12*z12;  x12*z12,  
y12*z12, z12^2];  
T13=(r13^-3)*eye(3,3)-3*(r13^-5)*[x13^2, x13*y13, x13*z13; x13*y13, y13^2, y13*z13;  x13*z13,  
y13*z13, z13^2]; 
! 321$
T14=(r14^-3)*eye(3,3)-3*(r14^-5)*[x14^2, x14*y14, x14*z14; x14*y14, y14^2, y14*z14;  x14*z14,  
y14*z14, z14^2]; 
T23=(r23^-3)*eye(3,3)-3*(r23^-5)*[x23^2, x23*y23, x23*z23; x23*y23, y23^2, y23*z23;  x23*z23,  
y23*z23, z23^2]; 
T24=(r24^-3)*eye(3,3)-3*(r24^-5)*[x24^2, x24*y24, x24*z24; x24*y24, y24^2, y24*z24;  x24*z24,  
y24*z24, z24^2]; 












A=[dal1^-1,T12,T13,T14; T12, dal2^-1, T23,T24; T13, T23, dal3^-1,T34;T14,T24,T34,dal4^-1];  
B=inv(A); *A matrix inversion to give B matrix* 
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